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Cavity produced by the Gnome explosion and subsequent collapse. Note hKure right-center of rubble for sesUe. Cavity U 70 feet 
high and more than 150 feet across. Photograph by Lawrence Radiation Laboratory. 
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GEOLOGIC STUDIES, PROJECT GNOME, EDDY COUNTY, NEW MEXICO 



By Leoxabd M. Oard, Jr. 



ABSTRACT 

For Project Gnome, part of the Plownhare ProRram ta de- 
velop peaceful u»eg for nuclear energy, a nuclear device was 
detonated December 10, 1061, underground in rock salt of the 
Permian Salado Formation aoutheaat of Carlsbad, N. Mex. 

The Geological Survey's InveaUgatloos on behalf of the U.8. 
Atomic Energy Commission provided basic geologic and geo- 
physical Informaticm needed to define presbot and postsbot 
geologic and hydrologic conditions at and near the site. ThU 
report doj*crll)es the geology of the site, f*ome physical and 
chemical properties of the rocks, and the known effects of the 
nuclear detonation on the rocks of the site. 

Geologic strata at the Gnome site consist of evaporlte and 
clastic rocks of the Salado and Rustler Formations and Dewey 
liAke Red beds, all of Late Permian age. (be unconfominbly 
overlying Gatuna Formation of Pleistocene (?) age. and a 
cover of alluvial and eollan sands. All rocks, except where dis- 
torted by solution collapse, are nearly flat lying. 

The evaporlte deposits are easily dissnU-ed and either are 
missing at the surface or only partially crop out in southeastern 
New Mexico; thus the sinking of a lJ205-foot shaft at Project 
Gnome provided an excellent oi>portuuity to study these for- 
maUons in detail. The strata were measured, sampled, and 
photographed while the shaft w*as being sunk. 

The upper one-third of the Salado U exposed in the abaft and 
conaiata of 460 feet of bedded halite containing a few Inter- 
atratifled beda of clayey halite, anhydrite, polybalite, and clay. 
The halite la overlain by a leached member comprised of 56 
feet of clay, silt, gypsum, and anhydrite, much of which is a 
mbbly solution breccia. 

The Rustler Formation dlsconformably overlies the Balado 
Formation, The five members of the Rustler are : lower mem- 
ber. 128 feet of silt and clay containing a few beds of gypsum ; 
Colebra Dolomite Member. 28 feet of vesicular dolomite: Tam- 
arisk Member, 113 feet mainly of beds of anhydrite partly hy- 
drated to gypsum and a few thin beds of clay: Magenta Mem- 
ber, 21 feet of red-purple silty gypsiferous dolomite; and Forty- 
niner Member, 67 feet of anhydrite and gypsum. 

The Dewey Lake Redbeds overlies the Rustler Formation with 
apparent conformity. These rocks are thinly laminated pale- 
reddlah-brown alUstone displaying llght-greenish-gray *‘reditc- 
tian spots.” 

The Gatuna Formation of Pleistoccnef ?) age unconformiibly 
overlies the Dewey I.ake Redbeds und conslirts of 49 feet of 
friable, poorly consolidated fine-gmlned sandstone and thin beds 
of clay. slit, and conglomerate. The Gatuna is in turn uncon- 
formably overlain by 43 feet of Recent alluvial bolaoo de- 
posits. which are partly eollan and lairtly colluvial sand. 

Mapping disclosed that deposition of the evaporlte deiMisits 
was cyclical and resnlted from repeated incunions of ftreh 
sea water. Each cycle customarily begins with a bed of poly- 



halits. grades upward into pure halite, and ends with a clay- 
heating halite at the base of the next higher polybalite. 

Ck)mparison of preahot and po-ilshot velocities in the aalt 
near the shotpoint indicated that rock fracturing caused by the 
exploalon was detectable from changes in elastic moduli, but 
compaction was not. No change In density of the rock could 
be detected. 

The explosion formed a cavity about 70 feet high and more 
than ino feet across. Postahot mining exploration revealed geo- 
logically Interesting iihenomena that resulted from the explo- 
sion. Intrusive breccia veins associated with complex thrust 
faulting were formed adjacent to the cavity. The breccia is 
composed of blocks of granulated and plastically deformed salt 
In a matrix of black melted salt The black color of the matrix 
Is due to the presence of laurionile, galena, and carbon. These 
materials, not present in the preshot rocks, were created by 
the shot. Lead from near the device combined with water and 
chlorine from salt to form laurionlte and with sulfur from poly- 
halite to form galena. The carbon probably was derived from 
organic material present in the device chamber at shot time. 

Lateral displacement of an InstTumenl In a drill hole 100 feet 
from the shotpotnt was about 16 feet. Strata 200 feet above the 
ahotpolnt were permanently displaced upward 6 feet, and a 
bed 65 feet below the shotpoint was displaced downward more 
than 10 feet 

INTRODUCTION 

PUBFOSS OP PBOJBCT ONOME 

Project Gnome was a multiple-objective experiment 
conducted the U.S. Atomic Enerfty Commission as 
intrt of the Plowshare Program to develop peaceful 
uses for nuclear explosives. Gnome was the first nuclear 
detonation within the continental limits of the United 
States outside of the Nevada Test Site since the Trinity 
shot in 1M5. 

The Projet Gnome ex|)crinient insisted of the deto- 
nation of a nuclear device of al>out .3 kilotons eipiivalent 
TNT yield at a depth of aljout 1.20t) feet Ijelow the sur- 
face in a thick salt dejmsit. The Gnome site is in the 
Nash Draw quadrangle in the approximate center of sec. 
.34, T. -23 S., R. :W) E., in Eddy County, and alamt 2.5 
miles southeast of Carlsbad, N. Mex. (fig. 1). 

The objectives of the experiment wore fivefold (U.S. 
.\tomic Energy Comm., 1961) : 

1. To explore (he feasibility of converting the energy 
from a nuclear explosion into heat for the pro- 
duction of electric jiower. 

1 
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2. To investigate flie practicality of recovering useful 
radioisotopes for scienliRc and industrial applica- 
tions. 

it. To expand the data on characteristics of under- 
ground nuclear detonations to a new medium 
(salt), which dilfers markedly from the test media 
of the Nevada Test Site in which previous under- 
ground shots had been fired. 

4. To make neutron cross-.scction measurements to con- 

tribute generally to scientific knowledge and to 
the reactor-development program. 

5. To provide scientific and technical information on 

design principles useful in developing nuclear- 
explosive devices specifically for peaceful purposes. 

HISTORICAL SUMMART OF THE PROJECT 

The Gnome shot was detonated on December 10, 
11)61. It was the culmination of planning and site 
.selection that started in 1958 when a study was begun 
by the I’.S. Geological Survey to locate a site that would 
satisfy both technical and public-safety requirements. 



The required site was to have a deposit of relatively 
pure salt not more than 800 feet underground, to be 
within the continental United States, preferably on land 
controlled by the U.S. Government, and to be in an 
area having a low population density. 

The Gnome site was selected after all possible sites 
in the United States had been thoroughly evaluated. 
Subsequently, a preliminary investigation of this area 
was undertaken by the Geological Survey. The surface 
and subsurface geology of the area was studied (Baltz, 
1959; Moore, 1958a, b; Cooper, 1960, 1961, 1962; Jones, 
1960; Vine, 1960, 1963) ; tlie regional ground-water 
conditions were appraised (Hale and Clebsch, 1969) ; 
the chemical and physical properties of salt were in- 
vestigated (Morey, 1958; Harry Hughes, written com- 
mim., 1969; K. C. Robertson, A. R. Robie, and K. G. 
Books, written commun., 1958) ; the seismic properties 
of the salt were measured and compared with those of 
other rock types (Byerley and others, 1980; Roller and 
others, 1959) ; and a large-scale topographic map of the 
Gnome site was constructed. 

This report describes the geology, hydrology, and 
physical, chemical, and optical, properties of rocks at 
the site. 

Shaft sinking began in July 1960 and was completed 
to a depth of 1,200 feet in May 1961. The Gnome shaft 
penetrates rocks of Permian and younger age. The 
shaft, circular in plan, has a finished diameter of 10 
feet and Ls lined with reinforced concrete from the 
surface to a depth of 722 feet. The 1,000-foot drift was 
mined during the summer of 1961. 

PARTICIPATION BT THE U.S. GEOLOGICAL SURVEY I 

I 

The U.S. Geological Survey made scientific studies 
and investigations related to Project Gnome on behalf ^ 
of the Atomic Energj- Commission. The Survey acted 
as agency advisor and provided technical support. ) 
largely with respect to public-safety aspects. The broad | 
objectives of the Geological Sutrey's program were (1) 
to provide the basic geologic and geophysical informa- 
tion needed to define the l>reshot and jmstshot geologic 
and physical properties of the salt and other rocks 
affected by the explosion, and (2) to provide geologic 
and hydrolc^c information on the preshot and post- 
shot hydrologic conditions at the Gnome site and sur- I 
roimding region. 

Tliis report does not attempt to describe all the I 
geologic effect.s produced by the Gnome explosion. Other 
agencies have .studied close-in surface effects (Hoy and , 
Foose, 1062) and the environment created by the ex- ' 
plosion (Kawson, 1963; Kawson and others, 1965). i 
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FITBF08B OF THIS BEFOBT 

This report describee the geology of the site, some 
physical and chemical properties of the rocks, and the 
effects, as far as they are known, of the nuclear detona- 
tion on the rocks at the site. It is based on studies that 
were carried out between July 1960 and June 1962. 

ACKN0WLBOO1CENT8 
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METHODS or STXn>T 

The rocks in the shaft were measured, described 
(detailed measured section, p. 24), and sampled on a 
noninterference basis by L. M. Gard and W. A. 
Mourant during construction of tlie shaft. This was 
done as final mucking after each round was completed 
and before drilling for the next round began. Depend- 
ing on the efficiency of the blasting, a round advanced 
the shaft 3-6 feet. 

During this construction a section of the north wall 
was washed down and photographed in color. Unusual 
geologic features noted elsewhere in the shaft wall were 
also photographed and described. A complete photo- 
graphic log in color is available for inspection at the 
Field Records and Photo Library, U.S. Geological 
Survey in Denver. 

The geology of the preehot drift (pi. 1) was mapped 
by L. M. Gard and C. G. Bowle.s, using steel tape, at a 
scnlo of 1 inch to 10 feet; vertical and horizontal control 
was established by Holmes and Narver, Inc. In the un- 
derground mapping, projections of both left and right 
ribs (walls) were used. (I^eft and right are identified 
as one faces the shotjroint.) The rib projections are ro- 
tated outward to the horizontal plane along the line that 
joins their bases to the .sill (floor). The Irack (roof) was 
not map|>ed, liecause it displayetl vejy few mappable 
geologic features. 

The geology of the [xwtshot workings (pi. 2) was 
mapped by I,. M. Gard and IV. I>. Emerick, assisted by 
W. II. lairaway, M. L. .Si-hroeder, and John Moreland, 
Jr. The method was the same as that used in preshot 
mapping except that near the cavity, to expedite the 
work because of tinte limitations, the ribs were mapped 
continuously. Tims, the nine walls of the drilling alcove 
and part.s of the approaching drift are represented by 
a single straight projection, ami the comers arc indi- 



cated for clarity in map presentation. Although the pre- 
shot drift was intact, after the shot, it was not remapped 
because of high levels of radiation. 

Prior to mapping both the preshot, and the postshot, 
workings, the ribs were washed with water. The cleaned 
wet rock displayed additional stratigraphic details. 

Elastic properties of the salt were determined under- 
ground, both before and after the shot, by D. D. Dickey 
and D. R. Cunningham. Preshot calculations were made 
by R. D. Carroll and D. D. Dickey, and postsliot calcu- 
lations were made by D. D. Dickey. 

From his knowledge of the minor-element content in 
evaporito rocks of southeastern New Mexico, C. G. 
Bowles suggested and later supervised the determina- 
tion of the minor elements in the salt beds of the preshot 
drift. B. M. Madsen made the petrographic descriptions 
of the preshot samples, Julius Schlocker studied the in- 
soluble clastic material from these samples, and Theo- 
dore Botinelly determined the composition of the in- 
trusive breccia formed by the explosion. 

GEOUIGY 

BBOIONAL SETTIHO 

The Gnome site is on the Moscalero pediment on the 
east side of the Pecos Valley, a section of the Great 
Plains physiographic province (Fenneman, 1931, fig. 
1). The Pecos River flows through the southwestern 
part of this section and divides it physiogmphically 
into the Mescalero pediment to the east and the alluvial 
plain north of Malaga and the Gypsum Hills south of 
Malaga to < he west. 

The Gnome site is in the northea.stem part of the 
Delaware basin (Adams, 1944; King, 1948; Newell and 
others, 1953) . This deep structural basin, which is about 
135 miles long and 75 miles wide, lies in southea.stern 
New Mexico and west Texas and is generally considere<l 
to lie the area surrounded by the Capitan Limestone (a 
reef limestone of Late and Early Permian age). The 
Capitan reef is horseshoe shaped, opening southward, 
and extends in the subsurface from Carl.sbad eastward 
nearly to Hobbs, N. Mex., and thence southeastward 
into Texas (fig. 2). West and southwest of Carlslmd 
the Capitan Limestone is ex|>osed and forms El Capi- 
lan Peak and part of the Guadaluiie Mountains. Large 
caverms — notably Carlsitad Caverns — were formed in 
the reef limestone through the solvent action of circu- 
lating ground water. 

The Delaware basin was suhmergral in Permian time 
(230-280 million years ago, according to Kulp (1961) ) 
and was filleil with thousands of feet of serliment. 
Towaixl the end of Permian deposition in the laisin, the 
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Fiaum; X — Extent of the nelaware banln in New Mexico and 
adjacent atructural and gcoeraphlc fealurea Modified from 
King ( liMH) and 8tiia> and naiglcr ( 10S6) . 



reef gro«-th around the basin was halted by increasing 
salinity of the sea water, and the evaporite rocks of 
the Castile, Salado, and Rustler Formations were 
doixnited. 

The Salado Formation, almost wholly salt, was de- 
posited in a sea that extended from the Delaware basin 
across the Capital! reef zone many miles onto the slielf 
to the north. The southern end of this sea apparently 
had a restricted ojiening, and the consequent reduced 
circulation and otitflow allowed evaporation to con- 
centrate the sea water therein until salt was precipitated 
on the floor of the Itasin in southeastern New Mexico. 
The concentrated brine undoubtedly was replenished 
perioflically by normal sea water; otherwise, the prooees 
would soon have ceased as the basin dried up. The salt 
tjeds of the Salado Formation grade southward into 
calcium sulfate and then into calcium carbonate facies, 
■suggesting that the source of nonnal sea water lay in 
that direction and that the water bmime more concen- 
trated as it moved northward. 

•Vfter deposition of the evaiJorite rocks ceased, deposi- 
tion of flne-grained terrestrial clastic sediment (Dewey 
Lake Redlieds) marked the close of the Permian. Ter- 
restrial de|)osition continued during parts of Triassic 
time (181-230 million years ago), although subsequent 
erosion has removed Triassic Ix-ds from the Gnome area. 
Additional thin sediments accumulated in Quaternary 
time. 

The eva|K>rite nicks in the Delaware basin contain ex- 
tensive dejiosits of jMitash minerals, which are mined at 
many localities. .Many wells produce oil from the reef 
limestone in southeiustern New Mexico and west Texas. 
Oil and gas are produced also from some of the deejier 
formations in the Delaware basin. 



GNOME AREA 

The Gnome area referred to in this report is the square 
mile of sec. .34, T. 23 S., R. 30 E. (fig. 3). The land sur- 
face at the area is covered with as much as 43 feet of al- 
luvial and windblown sand and caliche. More than 18,000 
feet, of sedimentary material ranging in age from Ordo- 
vician to recent underlies the Gnome site. Beneath the 
surface lie, in descending order, the Gatuna Formation 
of Pleistocene( !) age, the Dewey I>ake Redbeds, and the 
Rustler and Salado Formations of Late Permian age. 
Beneath the Salado pre thousands of feet of Paleozoic 
rocks which are not discussed in this report. All these 
formations are concealed by alluvium in the Gnome area, 
hut all except the Salado crop out nearby (Vine, 1963). 

Solution by ground water of salt at the top of the 
Salado Fonnation and of anhydrite within the Rustler 
Foniiation has removed thick sections of these rocks. A 
suhsequent lowering of the land surface and differential 
collapse, of the Rustler have formed many sinkholes and 
created a karst topography over much of this part of 
southea.stern New Mexico. Nash Draw, about ti miles to 
the northwest, is one of the largest dejiressions. Within 
Nash Draw are several smaller depressions, the largest 
of which is laiguna Grande de la Sal (Salt I^ake). 

The rocks dip gently to the east and southeast, and 
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Fioi'u: 4. — Geologic flection between rarUbnd (tareriut Nationai 
Park and Project Gnome site. Modified from Cooper 



direction (fig. 4). Although the Salado Formation un- 
derlies an extensive area in southea.stem New Mexico, iio 
outcrops of it are known. 

In many places the sttlt of the Salado Formation ha.s 
lieen wholly or |>artially removed by solution. West of 
the Pecos River, very little salt remains; to the north- 
west over the buried Capitan reef, no salt is present ; and 
south of the Gnome site, the Saldo salt is thin or absent 
over an area of nearly 100 square miles (Cooper, 1962). 
As much as 800 feet of salt has been removed. Within 
Nash Draw, solution has removed, and is lueseiitl}’ re- 
moving, salt from the upper part of the Salado 
Formation. 

The Rustler Formation crops out in numerous places 
west and northwest of the Gnome area and south of Ma- 
laga, a small town abt>ut 10 miles west of the area. The 
Dewey I^ke Redbeds is exposed at several localities 
north and west of the Gnome area, especially along the 
margin of Nash Draw, and also crops out in a narrow 
discontinuous north-south belt a few miles east, of the 
Peixis River. Triassic rocks are represented by the Santa 
Rosa Sandstone north of Nash Draw and southeast of 
the area ; the Santa Rosa is not present, however, at the 
Gnome site. I'nconsolidated Tertiary rocks crop out east 
of the area. 

Quaternary nx’ks include the Gatuna Formation of 
Pleist<K-ene(?) age, and alluvium, windblown sand, 
caliche, and playa lake deposits of Recent age. Alluvium 
occurs chiefly near the Pecos River north of Mahiga. 
recent report by Vine (19IB) includes a geologic map 
of the Nash Draw quadrangle and stmtigraijhic sections 
of ex[x>sed rocks. The following generalized strati- 
2SI-74T o—«s 3 
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I graphic section (table 1) describes the rocks ex|x*>ed in 
I theGnome shaft (fig. 5). 

Structural deformation of the rocks is limited niaiiily 
I to a gentle monocline in the Permian rocks luid to col- 
lapse structures in the evaporite sections of the Per- 
j mian rocks. No deeply buried fault.s are known. I>ocally, 
I there are structural features related to the hydration of 
! anhydrite to gy|*sum. This hydration considerably in- 
I crea-sed the volume of the affe<-ted rocks and cau.sed them 
to lie deformed, and in many pla»'es domed, where they 
are exposed at the surface (Vine, I960). 

STRATIGRAPHY AT THE SITE 

The following stratigraphic dc.scriptiona are supple- 
mented by the detailed inea-siired section at the end of the 
] report (,p. 24). 



HALADO FORMATION 

i At the Gnome site the Salado Formation is alxmt 
I 1,550 feet thick. More than 75 [letrent of the thickne.ss 
! of the Salado is salt, cxcejk where solution has thinned 
i the fornuition. The remainder of the formatifin consists 
of [Hitassium minerals and minor nmmints of sandstone, 
siltstone, shale, anhydrite, and gypsum. 

The bulk of the Salado is not known to contain ground 
water, although the leached member at the top of the 
formation is a brine aquifer locally. No free water has 
' i>een raiHii'te<l to oi'ciir within the formation in the jw>t- 
ash mines nor in the many drill holes thiinighout the 
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area. The halite rock is virtually impermeable because 
re«'ryslttllizntion of the salt restricts migrating fluids 
and prevents the formation of o[>en spaces. 

The shaft i^netrated more than 490 feet of liedded 
halite that contains minor interetratified lieds of clayey 
halite, anhydrite, polyhalite, and clay. The halite beds 
range in color from transparent colorless through white 
to reddish orange. The inten.sity of the orange color 
depends upon the amount of disseminated iron and poly- 
halite impurities present. Tlie clayey halite beds range in 
color from reddish brown to greenish gray. Tlie reddish- 
brown poly halite l)eds, locally used as marker beds, 
average alioiit 1 foot thick. They commonly have a thin 
lied of greenish-gray clay at the base. From 1,024.3 to 
1,029 feet the shaft rut the VacaTriste Sandstone Mem- 
ber of Adams (1944), a pale-reddish-brown clayey silt- 
stone that forms a well-known marker unit. 

The total thickness of the Salado Fomiation at the 
Gnome site has not l>ecn determined accurately, but 
data from nearliy oil tests indicate that as much as 1,.5.50 
feet of the fonnation may lie present (fig. 4). 

The uppennost 58 feet of the Salado Formation con- 
sists of reddish-brown to gray clay and silt with a few 
intersiiiitified gyi)sum and anhydrite Iwtls. These strata 
represent, at least in part, a,n insoluble residue left after 
the removal of halite by ground water. This leached 
meinlier or zone is estimated to be roughly one-third to 
one-tenth the thickness of the original halite rock that 
was present. The thicke.st unit of this leached zone is a 
solution breccia 36 feet thick. It is a heterogeneous nib- 
bly mixture composed of siltstone, gypsum, and polyha- 
lite blocks as much as 3 feet long set in a matrix of plas- 
tic grayish-red clay. In the shaft the leached zone did 
not contain water, although a small amount of water was 
detected in this zone in an oliservation well drilled about 
three-fourths mile west of ground zero (Gard and 
others, 1962, p. 121). Vine (196-3, p. 8) reported that 
locally the leached zone is a prolific aquifer. 

The top of the .Salado Fonnation is considered by 
many geologists to be at the toj) of the uppermost halite 
bed, and the leached member is assigned to the Rustler 
Formation. This assignment is based partly on the fact 
that the Rustler Formation is reported to contain some 
•salt l>edstuthe southeast, and partly on the fact that the 
leached member cannot he distinguished from the lower 
member of the Rustler in either drill cuttings or geo- 
physical logs. However, because the leached inendwr was 
recognized ns a distinct unit in the Gnome shaft and 
lax'ause it has a disa-onfonnable upper contact and con- 
tains .several collapse breccia beds that are distinctly , 
diflTorent from the lower memlK'r of the Rustler, it has 
la^n assigned in this rejort to the .Salado Formation. ! 



RU«TI,ER FORMATION 

The Rustler Fonnation of laite Permian age uncon- 
formably overlies the Salado Formation and is com- 
posed mainly of evaporite deposits of anhydrite (com- 
monly altererl to gyi>sum) and dolomite and contains 
some siltstone and clay in the lower part. The thickness 
of the Rustler at the shaft is 357.2 feet, although in 
nearby areas the thickness ranges fiom 90 to more than 
500 feet. 

Tlie Rustler is divided into five members, all present 
in the Gnome shaft. The upjier four members crop out 
near Nash I>raw to the north and near the Pecos River 
to the west. 

The lower, unnamed member of the Rustler Forma- 
tion lies disconforniably on the leached top of the Salado 
Formation. It is 127.7 feet thick and consists principally 
of poorly consolidated silt and clay and contains a few 
interst rat died beds of gypsum. 

The Culebra Dolomite Memlicr overlies the lower 
member and consists of 28 feet of yellowish-gray gen- 
erally microcrystalline dolomite. It contains some mas- 
sive zones, as well as as brecciated zones, that are 
recemented with pale-ycllowish-brown dolomite. A 
characteristic feature of the Culebra is the presence of 
numerous small nearly spherical cavities that range 
from 1 to 20 mm in diameter. Some cavities are partly 
filled with secondary gj'i>sum and calcite, but most are 
open. They do not api>ear to be interconnected. These 
cavities are thought to have originated either by solu- 
tion of a highly soluble mineral aggregate or by the 
inclusion of gas or liquid when the sediment was soft 
(Vine, 19G.3, p. 14). 

The Culebra Member is an artesian aquifer at the 
shaft, where it has a head of alxnit 75 feet. The water 
appears to !« contained in fractures and is confined 
aljove by the anhydrite and gypsum of the Tamarisk 
Memlter and below by clay of tbe lower member. 

The Ctdebra is an excellent, subsurface marker, be- 
cause its lithology is unique in southeastern New Mex- 
ico. It is widespread in the Delaware basin and has been 
identified in many hundreds of drill holes. It is the 
principal aquifer at the Gnome site and yields water to 
wells in the western half of the project area. The depth 
to the top of the Culebra ranges from zero in the Nash 
Draw-Pec os River area to at least 1,200 feet in the 
easte,rn part, of the State. The configuration of the top 
of the Culebra is similar to that of the lop of the salt 
in the Salado Formation. Ap]>arently, as .salt in the 
.Salado was removed by .solution, the overlying beds set- 
tled and assumed, in genenil, the shajic of the surface 
of the remaining salt. 

Tbe overlying Tamarisk .Member is 113.3 feet thick 
and is composed mainly of beds of anhj'drite i>artly 
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hydrated to gypsum, but it contains some thin betls of 
clay. 

The overlying Magenta Member is a red-purple (ma- 
genta) silty gypsiferous dolomite 20.9 feet thick. Al- 
though an aquifer in .some places, it contains no water 
at the shaft. 

The Forty-niner Member, like the Tamarisk Mem- 
ber, is comj)o«ed mainly of anhydrite and gj’psuin. It is 
67.3 feet thick in the shaft, but is miasing in U.S. Geo- 
logical Survey hydrologic test holes 4 and 5 about 
one-half mile west of the shaft (fig. 3). Whether re- 
moval of the Forty-niner Meml)er was by erosion prior 
to deposition of the Dewey Ijike Redbeds or by leach- 
ing subsecjuent to deposition is not known, although 
leaching is considered to be more likely. 

Tlie structure of the Ru.stler Formation is mildly vm- 
dulating where these beds are 200 300 feet below the 
ground surface. Locally, however, solution and col- 
lapse hove affected the formation where it is deeply 
buried. Generally the carbonate members — the Culc- 
bra and the Magenta — are the least affected by solution 
and are present throughout most of the area. At the 
Gnome site they are separated by more than 100 feet 
of the Tamarisk Member. In the Nash Draw areo, so- 
lution and collapse have locally removed the entire 
Tamarisk, and the Magenta rests directly upon the 
Culebra. 

DEWEY UIKB REDBEDS 

The Dewey Lake Redlieds of Late Pennian age over- 
lies the Rustler Formation with apjtarcnt conformity. 
The contact is marked by the abrupt color change from 
the white of the gy|wiim of the Forty-niner Member of 
the Rastler Formation to the red of the Dewey Lake. 

Tlie Dewey I>ake is mainly made up of pale-reddish- 
brown silt.stone that displays a itolka-dot apijcarance, 
owing to the presence of light -greenish-gray reduction 
sjjots (round spots about 0.5 cm across where ferric iron 
has been reducetl to ferrous iron). The formation is 
202.1 feet thick in the shaft and is composed mainly of 
subangular to subroimded clear quartz grains and chert 
and feldspar grains in a clay matrix. Muscovite, biotite, 
rock fragments, and opaque minerals make tip leas than 
10 iiercent of the mineral grains. Bedding consists of 
thin (0.5-1.5 mm) laminae and, less csmimonly, very 
small scale cross-laminations. Red clay fonu.s 1.5-25 
|)en-ent of the rock and is the principal cement, although 
calcite and gypsum are common. The Ih-wey Lake rep- 
resents the beginning of detrital sedimentation follow- 
ing the long iieriod of chiefly evaporite deposition in 
the Delaware basin and adjacent shelf areas in south- 
eastern New Mexico. 



GATUNA FORMATION 

The Gatuna Formation of Pleistocene ( 1 ) age un- 
confonnably overlies the Dewey lAike Redbeds and is 
I>ale-red to moderate-brown friable fine-grained sand- 
stone, 48.9 feet thick in the shaft, that contains a few 
thin beds of clay and silt and many thin beds of con- 
glomerate. The sand- and silt-sized material is mainly 
made uj) of quartz grains, and the jiebbles are quartzite, 
limestone, and chert. The grains are weakly to moder- 
ately cemented with calcium carbonate. The presence, 
in several lie<ls, of reworked fragments from the under- 
lying Dewey Lake suggests tluit the Gatuna was de- 
posited on a surface Of considerable relief. 

Elsewhere in the Nash Dniw quadrangle (Vine. 
1963), the Santa Rosa Sandstone of Triassic age lies 
between the Dewey Lake Redbeds and the Gatuna 
Formation, but it is missing at the Gnome site. 

AI.I.XIVIAt. BOXEON DEPOSITS 

Alluvial Ijolson deposits of Recent age unconforma- 
bly overlie the Gatuna Formation and are chiefly made 
up of unconsolidated moderate -brown fine-to medium- 
grained quartz sand. The up]>er 9 feet of these dejxisits 
is dune sand, but the lower 34 feet is partly eolian and 
partly colluvial. The sand has been derived from the 
Gatuna Formation and perliai>s in part from the Ogal- 
lala Formation of Pliocene age, which may once have 
covered the area (Vine, 1963, p. .36). The top 3 feet of 
the lower 34 feet is weakly cemented by caliche, a near- 
surface accumulation of calcareoms material, that was 
precipitated by subsurface evaporation of moisture in 
this semiarid region. 

STBDCTUEE 

The rocks penetrated by the shaft are nearly flat ly- 
1 ing, although locally in the shaft the Rustler Formation 
' dips steeply. The regional structure is a small homo- 
clinal dip to the east (Vine, 1963, p. 37). In the .shaft 
the Dewey Lake rocks strike N. 45° E. and dip about 5° 
NW. Bedding in the Salado Formation observeel in 
the drift strikes N. 89° E. and dips 0°20' N. The atti- 
tude of the lieddiiig in the Salado Formation is locally 
variable. Information fnmi a drill hole .500 feet south 
of ground zero suggests that the same l>eds may he as 
much ns 10 feet higher in the drill holethan in the drift. 
Wiether this difference is due to a local flexure or to an 
error in drilling observations is not known. 

Fairly steep dips were oliserved in some beds of the 
Bustler Formation, especially in gypsum and anhy- 
drite. Dips as high as 42° NW. were noted in a gypsum 
lied in the lower lucmlM’r of the Rustler. These anom- 
alous attitudes are believed to lx>. associated with vol- 
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lime chanffes that take place when anhydrite ciianges 
to jiypsum or when solution differentially telescopes the 
rocks. The northwest dip obsen'eii in the Dewey I^aka 
Redbeds may result from thinning of the underlying 
Rustler Formation to the west or northwest. As previ- 
ously noted, the Forty-niner Memlier of the Rustler is 
completely missing in te.st holes drilled about half a 
mile west of the shaft. 

qrOLOOT of THE FBESHOT ONOHE DRIFT 

The nuclear device was placed in a small chamtier at 
the end of a drift (pi. 1) driven N. 30° E. from the bot- 
tom of the shaft. The drift was 1,22.'! feet long and in- 
cluded a curved section near the shaft. The end of the 
drift curved around a “buttonhook,’' doubling back on 
itself and ending at the device chamlier. The device 
chamlier was almiit 1,000 feet horizontally from the 
liottom of the shaft and slightly less than 1,200 feet lie- 
low the ground surface. Thus <l>e rwk cover over the 
detonation point consisted of about 600 feet of massive 
salt beds and about 700 feet of other sedimentary rocks. 
Below the detonation point was )>robably an additional 
1,000 feet of bedded salt. 

Only the Salado Formation is exjiosed in the drift; 
tiedding strikes N. 89° K. and dips 0°20' N. Owing to 
the low dips, the rilis (walls) of the drift were mappeil 
to show geologic features that could not be included on 
an ordinary map (pi. 1). Mapping, done during July 
1961. was on a si-ale of 1 inch to It) feet to show the dep- 
ositional features in the salt strata in some detail. 

Eight mappable beils of halite rock containing vary- 
ing amounts of clay and jiolyhalite and one mappable 
bed of polyhalite were transected by the drift. The nine 
beds were arbitrarily numbered in descending order 
from 10 to 18. Because the drift intersects the bedding 
at an angle of atmut 40° to the strike, the beds have a 
component of dip toward the device chamber; thus, the 
lowest lieds are exjiosed near the shaft, and successively 
higher beds are exposed toward the device chamber. 
Total thickness of the exposed beds is aliout 22 feet. The 
following stratigraphic sei'tion (table 2) describes the 
lieds in the Gnome drift. 

Deposition of the Salado Formation was often cyclic, 
as indicated by the strata ex|Hised in the drift. Ideally, 
a cycle begins with a polyhaJite bed at the ba.se, grades 
upward into halite containing polyhalite, and termi- 
nates with clay-bearing halite at the top. A cycle repre- 
sents an incursion of fresh sea water that temporarily 
decreased the salinity of the brine and caused deposition 
of calcium sulfate. Concentration of the fresher sea 
water subsequently caused the precipitation of sodium 
chloride. 



Table 2. — Detailed etratifrapliie tedim of Salado Formation along 
drift from device chamber to ehaft 

tbicIiwm 

DtacrtfiUon (ft) 

120 PolyhftUt« rock (marker 120)j roddiah-brown, 
microcystaliinc; varies in thickneu bcoAuac 
upper contact f^radational into overiying halite. 

(Exposed in postahot workings.). 0. 5-1. 5 

10 Holito rock, colorless to pale-orange; grfiin sise 

10-20 mm; hands 0.25-0.3 ft thick of (Earless to 
milkv halite alternate with 0.1- to 0.2-ft-thick 
bands of pale-oranm halite containing dissemi- 
nated orange polyhollte; 0.18-ft ihicK dis^n- 
tinuous band of orange polyhaute 1.2 ft below 
top of unit; polyhalitc more oonoentrated in 
lower 1.5 ft; aark-^ay clav layer 5.4 ft abo\’e 
base (clay seam io ug. 12) ; lower 0.8 ft contains 
4 percent gray clay in thin horisontol streaks 
and bands; device set at base of this unit. (Only 
lower 4.3 ft exposed in preshot drift H lO 

11 Halite rock, clear, gray, rarely brown, gray clay 

scam 0.05 ft thick at top; contains a few discon- 
tinuous bands of halite with disseminated poly- 
holite; displays ripple-mark casts where back of 
drift breaks to baM of unit . 2-1. 0 

12 Halite rock, iight-gray to light-brown; clay con- 

tent 10-50 percent; cla^* generally brown but 
some gray; base of uolt a browm clay seam 
which at places truncates \ipturned beds of 
underlying unit . 2-1. 0 

13 Halite rock; contains inclusions of brown clay, 

upper 2 ft contains irregular layers of brown 
cLsyoy halite alternating with pale-orange to 
grayish-white halite; contains vertical mud- 
cracks filled with clay, polyhalite, and second- 
ary halite ; layers between mudcracks near top of 
unit are conca\'c upward; lower 1.5 ft light- 
brown halite with 26-25 percent inclusions and 
vertical streaks of brown clay; clay content de- 
creases downward; contact with undeiiylng unit 
fmdational 3. 5 

14 Halite rock, palo-orango to white; contains l^ebs 

and disseminated particles of orange poly- 
holito forming indistinct layers which arc most 
noticeable in Tower half. 3. 5-4. 0 

15 Poiyhaiito rock (marker bed 121), moderate- 

r^disb-browD, microcrystalline; variable tbick- 
ncss usually duo to irregularity upper con- 
tract, which may be gradational; lower contact 
sharp . 5-1. 0 

16 Halite rock, colorless to gray-green to palo-orange; 

0.1 ft greenish-gray clay at top; upper 1.6 ft 
contains 20 percent fpay-green clay and 3 
percent polyhalite; clay content decreases 
downwara; upper part contains pods and 
downward-tnporing wedges of secondary halite 
cont^ning gray-green clay and poly halite... .. 4. 8 

17 Halite rock, colorless to light brow'n; 10 percent 

streaks and inclusions of brown clay. (Exposed 

only in blast-door alcove) ....... .5 

18 Halite rock, colorless to light-brown; contains 2 

percent brown clay and 2 percent polyhalitc. 

(Exposed only in blast-door alcove.) Base not 
exposed 3+ 

Total exposed thicknww. ... 22 + 



One t'omplete cycle of deposition and parts of two 
i others are representetl in the drift. The complete cycle 
j beffim with the deinjsition of unit 15, the i>olyhalite 
' lied, and ceased with the dei>ot-ition of unit 13. Units 
1 lG-18 are latrt of the previous cycle, and units 10-12 
I are part of the subse<iuent cycle. 

Polyhalite probably was not deixjsited from the orig- 
inal brine but wa.s altered fnmi gypsum or anhydrite 
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Fiuuk£ 6 . — Unltn 12, 13. and 14 exposed in preabot drift. N'ote mudcracks in unit 13 
with curved lieddinK between, and vertical lineetions at base of unit 13. 



by tho later addition of {Kitassiiim and magnesium 
(Moore, 1958b, p. 14). 

The polyhalite bed (unit 15), known locally as marker 
bed 121, is present in the Sahido Formation over a 
wide area. Its sharp regular lower contact is underlain 
by a thin layer of greenish-gray clay. Thin clay layers 
underlie many of the polylialite beths in the Saladu For- 
mation and are thought to have been concentrated by 
the re-solution of impure salt when the brine was 
fre.shened. 

In places along the drift the |>olyhalite is underlain 
by |)ods of ahnornmlly large halite crystals which con- 
tain dis.seminated gray clay and isilyhalite. Whenever 
the pods are present, the undcirlay is absent. The gross 
halite crystals in these pixls are thought to have resulted 
from sci'ondary rei-rystalliaition. 

Continued concentration of the brine by eva|>oration 
resulted in deposition of unit 11, which contains little or 
iio clay but contains (Kilyhalite blel>s. I’nit 14 is grada- 
tional upward into unit l-'l, wliii h contains as much as 
■J.t |>eivent clay. Further eva|M>nition, perhaps even to 
dryness, pnxtuced desiccation cnicks in unit 1.1 (tig. t>). 
These cracks an- filled willi clay, halite, ami polyhalite. 



, In the upt)cr part of this unit, bedding between the 
I desiccation cracks is concave upward and resembles the 
i cross sci'tion of curverl polygonal plates that commonly 
I develo]> Ijetweeii desicration cracks. Most of these fea- 
tures were .seen only in cioss section; one polygonal 
stnicture, however, is well ex|K»sed in the back of the 
<lrift at station 4 +.35 and e.xhibits a typical 120° junc- 
tion of three mud-filltsl cmck.s, one of which is traceable 
down the right rib. .Vnother such junction is well ex- 
|Misrd in the Xo. 12 lateral in the reentry drift. Pml)ably 
this part of the Iwsin either was evajMjrated to dryness 
or wa-s hx'ally uplifted to above sea level at this time. 
Desiccation i-racksol>served at several places in the shaft 
and in the core fnmi a hole <lrilled at ground zero indi- 
cate recurrent complete eva|Hiration during de))osition 
of the Salado Formation. Tbest* cracks could, however, 
repivsent a time of IcK’al upwarp and subaerial ex|K>sure 
of a limited aiva rather than evnis)rntion to dryness of 
the entire ba.sin. 

The I'lay in unit Kl. which de» raa.ses downward, dis- 
plays faint vertical brown clayey liiieations. which may 
liave Ih-cii caiise<l by downward jiercolation of rain 
Wilier, if salt sirala were expo-ed by Uwal upwarp. or by 
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Hea water when the aiea was a^iain stibmerped. This 
vertical lineal ion is clearly visible in fipire 6. 

Units 11 and 12 are very thin, a^rjirepatinf’ generally 
less than a foot in thickness, and are separable only by 
the difference in color of their contained clay. TTnit 11 is 
genenilly gray, and unit 12 is generally brown. The top 
of unit 12 and the Ixtttom of unit 11 display current rip- 
ple marks in the back of the drift near station 54-45 
where the underside of unit 12 is exposed in the hack of 
the drift. The contact between units 12 and 13 is very 
sliarj), and some of the ui>tumed Ixsls at the top of unit 
1.3 ap|«>ar to have l»en truncated by unit 12. 

Precipitation of salt twgiui again with the formation 
of unit 12; the brine was apparently concentrated 
enough so that sodium chloride «as the first minenil 
deposited. In unit 10 alternating layers of colorless ha- 
lite and oninge halite (colored from the iron in dissemi- 
nated ]K)lyhalite) suggest rhythmical freshening of the 
brine. The toj) l>ed of this cycle .seen in the i>ostshot 
workings iuid cavity walls is a polyhalite l)ed (marker 
l>ed 120) that lies only a few feet almve unit 10 and indi- 
cates the Iwginning of a new de|)ositional cycle. 

PROPERTIES OF TEE ROCKS 

To define the rocks surrounding and overlying the 
device chamber various propeities were detennined, 
Ixith Itefore and after the shot. Certain ph.vsical prop- 



erties were detennined both in the laboratory and in 
situ. Semiquant itative spectrogra.phic. analyses were 
made, and the [jetrography of the rocks exposed in the 
drift was studied. 

These preshot determinations were made to provide a 
basis for postshot comparisons. It was found, however, 
that the shot had little effect on the bulk of the geologic 
medium, and, accordingly, detailed [xistshol analyses 
were made only in specific places on rocks close to the 
cavky. 

PHirslCAl. PROPERTIES 

Various physical jrroiieilies were determined by the 
Geological Sun-ey lalmratorics for 32 samples (tables 3, 
4) collected from the Gnome shaft during constniction. 
These samples are considered to be repre.sentalive of the 
rocks overlying the device chamber. 

Porosity, grain density, and diy-bulk density of the 
insoluble samples were detennined by the water-satura- 
tion, mercury -displacement, and [Miwder-grain methods. 
For water-soluble samples, kerosene wassubstitutefl for 
water, and the pioiter density corrections were made 
(table 3). 

Dynamic elastic moduli were determined from cal- 
culations using torsional and flexural resonant frequen- 
cies of specimens (table 3). Static elastic moduli and 
compressive strength were measured on cores 1 inch in 
diameter and 2 inches long (table 4). 



T.^blz 3 . — Phytical proptriieM of rock oampta from Gnome rhaft 
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Ponaity 

(percent) 


Youns's 

moduuu 

(10»p«1) 


Modulus 

rlirldUy 

(to* psf) 


PoitBon's 

ratio 


diOBl 
niodty 
(ft per sec) 


Trans- 
verse 
velodty 
(ft per see) 


(iatana Formation 


Sandalooe 


»- TO 


».0 


A66 


1.61 


S6.9 


•AM 


•A 64 


A0189 


A 073 


A 5S3 


I>«we 7 Lako Ritdbods 


Hlltatone... 


M' 100 


31.6 


A6B 


A 10 


7.8 


nd 


nd 


nd 


nd 


nd 


RiiMler Fofnatlon; 


do 


230 


ii.a 


A« 


AM 


10.8 


(id 


nd 


nd 


nd 


nd 


Forty-ninrr Mas- 


Aobf^lte. . 




7.9 


ISO 


All 


A3 


AS6 


l.W 


.1748 


1A82S 


6. SIS 


hrr. 


no 


13.2 


A83 


A4B 


6.0 


AlO 


1.30 


.2360 


lasa 


A 070 




HUutone... 


SI 


».« 


Aoe 


AOO 


14.9 


1.18 


•A 34 


1028 


AK38 


4.548 




flypnaiD. .. . 


343 


A? 


A4I 


Aa 


A7 


A 06 


1.37 


0473 


ici Tin 


7.3M 


Mnernu Monibcr. . 


Oyjpnun and anhydrite 
Dwoinite 


SO 


AS 


AST 


AS 


A6 


AS3 


1.00 


.3600 


II. 278 


A 421 


M5 


34.7 


A02 


1.91 


4.6 


•7.10 


•AHS 


.3456 


AS67 


A 244 




Iloiomltlc alltatmie. 


370 


a. 7 


A 01 


A 17 


7.9 




nd 




nd 


nd 


Taiaarhk Member . 


Uolomlle 


am 


1B.I 


A 91 


A3S 


4.1 










nd 


Oypaam ami 
anhydrite. 
ClayMone. . . 


400 


AS 


ASB 


A33 


4.3 


A41 


AH9 


IH13 


IA3U6 


9,487 


Tokbr* Dolotniu* 


482 


33.1 


AOS 


AOS 


6.2 


*9.39 


•ATI 


.3866 


AS46 


A713 


Dolomite 


30A 


IAS 


ASS 


A 49 


S.6 


rxl 


nd 


nd 


nd 


nd 


Member. 


do 


31A 


IAS 


AMI 


A48 


A1 


AOO 


l.M 


.1563 


9.SW 


4261 


Lower member . 


Claystone.. 


flJ7 


9.6 


ATI 


1.91 


las 






ml 


nd 


nd 




flypaun and anhydrite 
ClayMooe.. 


338 


A1 


AST 


A3 


4.6 


AM 


1. 13 


.2903 


lATOe 


4634 




SA2 


2S.I 


A6B 


A 01 


6.3 


•A41 


•a. 40 


.2308 


4 301 


A 642 




Hiiutono 


3B0 


31.3 


ATI 


AIS 


19.1 


1.34 


•5.W 


.1167 


7. OH 


4040 


.saJmto Formatloii. . 


do.... 


no 


to.s 


ATO 


A 17 


7.7 






nd 


nd 




riaysUKie brrccM 
(rcoMuttn). 


653 


36.3 


AW 


1.9N 


17.3 


nd 


nd 


nd 


nd 


nd 




Hlltftone (tetldauia) . 


MS 


1.1 


A IS 


A13 


AS 


1.40 


•6.67 


-D636 


7.W7 


4 063 




Anhydrite (reelduuin). 
Halite 

do. 

. do 

do 

do 

. do.... 

do.... 

. do 

do 


mo 
ns 
730- 72S 
1.013-i.OlS 
1. 010-1,023 
1. iaO-1. 133 
1. 130 
1. 147-1, m 
1, IS'1.170 
1. 177-1, Wl 


A7 

A? 

A1 
1.3 
7.1 
1.7 
.8 
S 3 
A7 


AST 
A IS 
A40 
A34 
A3T 
A33 
A IS 
A IS 
3. IS 
A3S 


A4S 
All 
A46 
A 13 
A34 
A 17 
A 14 
A 16 
AOO 
3.31 


4.6 

A3 

4.3 

A 7 
AT 
lAl 

9.5 

7.6 
AS 
A4 


l.SO 


•7.04 


.331(1 


0,064 


4.0S3 
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Table 4. — Phynicai pToprriit* of rock oample* from Gnome thafl, aa determined by statie method 

[Analysts: T. C. NIcBols, J. C. ThomM. uid R. A. Bpeirer| 



LM>. UnoonfinMt 8«csnt B«CMt 

No. Droth Lltholon Condition De«criptton oompraKlTO Youn^i nuwo Polawm'i Shore R«aivk« 

PI- (ft) oi sample strea«tb modaluJ (ps) ratio hardmM 

(pci) (pci) 



103 


S2D 


Anhydritfl. . 


Good... 


Lin^tion of gyp«um*Atled trao* 
lurto approilmatalr 70* to 
piateni. Ltncth, 9.0 In.; diam- 
eter, 1.470 In.: paraDelUra. 
■0013 In. Ortn dried. 


3.000 


AMXIO* 


SOO-1400 


0.19 


34 


Loading; Longitudinal etrain. 
flnt erde; l^ltudinal etrain. 
eeeona cycle. Failure occurr^ 
along fracture planea. 


1IN 


343 


Oyprum. 


do 


. . Bo4h endi dlfhUy chipfied. No 
Itneatioo. Z^ncth, 2.078 in.; 
diameter. 1.0 In; paraUellam. 
<.001 tn, Or«n dried. 


AIM) 


A19XI0> 


300 1900 


.10 


13 


I«oadlng; Longitudinal etrain. 
ftret cTcle; latltudioal strain, 
eeeona cycle: eomptcoaive 
strength, third cycle. 

Loading; Longitudinal strain. 
Aret c^le; latitudinal strain, 
sooona cycle. 


lOto 


400 


Anhydrite 

and 

Rypruin. 


Fakr..... 


No fracturtn. One end of core 
cdilpped. length, 2.719 In.; 
diameter. 1.4W In.; parallel- 
Ikq. .0000 In. 0%'en dried. 


A400 


3.3 XI0> 


900-1400 


.21 . 




lOOb 


400 


do 


Poor... 


. Many cypeum-fliled fractures 
norma) to platens. Length. 
2.inii In.; dlametW, t.O m.; 
paraUeUn. <.00t In. Oeen 
dried. 


&.900 


1. 14X10> 


300-1000 


10 


7 


Loading; Longitudinal slraUt, 
llrvt cycle; latitudlttal strsiu. 
seooTsd cycle. Hoch extension 
and ahear fractuna occurred 
along gypeum plaoea during 
failure. 


113 


SIS 


DolomlU. 


flood... 


. A few weathered holes. No itn- 
ealion. Length, 2.091 In.; dL 
ameter, 1.0 In.; paraiJeliam, 
<.001 In. Oeen dried. 


13.700 


4.3tX10f 


300 3900 


.37 


17 


Loading: Longitudinal strain, 
ftrst CTcle; latitudinal strain, 
eeeona cycle; oompreauve 
strength, third cycle. 


119 


093 


b1itst4>n«. . 


Fair.... 


Several frnc^roe. One end 
chipped. Nollneatlon. Length, 
4.Cn In.: diameter, 3.109 tit; 
paralleUim, .0019 In. Oven 
dried. 


<V300 


1.14X10* 


000-2900 


31 


19 


Only ono f^cle of loading. 


13D 


no 


Andydfltr. . 


flood.... 


A email chip on one end. Llnca- 
tion approilraalely parallel to 
pteteni. Length, 4.l0 Iil; dL 
•neter, 3.100 In.: paralMlstn. 
.0019 In. Oven drlM. 


A300 


3.97X10* 


000-1700 


.42 


19 


Only one cycle e( loading. Fail- 
ure occurred along planes 
nonaal to llneatlon. 



The hardness of the rocks (table 4) was measured on 
a Shore si-lero8coi)e. This instniinent. utilized a dia- 
mond-tip|)ed hammer, which is rniswl to a standard 
height aliove the rock specimen and then dropperl onto 
it. The height of the rebound is pro|M>rlionnl to hard- 
ness and is recorded on a scale of 0 to 120. 

Porosity of rocks above the salt range.s from as high 
as 34.7 percent for the Magenta Member of the Rustler 
Formation to as low as 1.1 |K'ivent for silfstone resid- 
uum at the top of the .Salado Fonnation. Porosity of 
halite from the Salado ranges from 7.1 percent, to 0.8 
percent. Grain density ranges from 2.92 g per oc (grams 



per cubic centimeter) for the Magenta to 2.15 g per cc 
for the same siltstone residuum at the top of the Salado. 
Grain density of the halite ranges from 2.49 to 2.15 g jior 
cc. Dry-bulk density ranges from a high of 2.49 g per cc 
in the Culebra Meml«?r of the Kirstler Formation to a 
low of 1.81 g per oc in the Gatuna Fonnation. Dry-bulk 
density of the halite in the Salado ranges from 2.4fi 
to 2.09 g per cc. 

Sonic velocities were detennined in the laboratory 
for rocks overlying the Salado Formation, fjongituil- 
inal velocities range from 15,205 fps (feet per second) 
for gy[)simi and anhydrite of the Tamarisk Memlier of 



Table . 1 . — ^feaaured velocities aud ralntlaied elastic moduli for rock sail near the position of the Gnome explosion 

[From Dickey (19M. p. blOB). All cmTcl ttmoi d«(4vmlned from cocnpcrtcon of two or more recortti from ««ch lln« o< mrasumnrtit except ihoM lor Ikne J-O, Only orwt ac- 
Mptable rtoortl w«* obtained from line J- 0. Lins V-Z, the prwxpt<i»ion Ihte cif mnaaarrmmt, l5 5.$ fret highfir <trati|7Bphtraily thiin the other Un«a. MeaBumoenls by 
D. D. Dickey aod D. R. CunnloRhaml 



Lino of 
measurr- 
mont 
9) 


Distance 
from 
explosion 
point (ft) 


Length 
of line 


TravcIUmc of fimi 
arrival 

(milll9ccond») 


V'elocity (fps) 


PoiJi- 

son’s 


Young's 

modulus 


Shear 

modulus 


Bulk 

modulus 




Compres- Nhear 
flional 


Comprea- Shear 
rional 











A-C 


80-110 


34. 99 


2.9 


a 05 


12, 100 


5,800 


a 35 


2. 6 


a 95 


2. 9 


fl-C 


80-110 


32. 15 


2. 7 


56 


11,900 


5,760 


. 3.5 


2.5 


. 03 


2. 8 


G-E 


140-205 


66. 80 


5. 6 


la 4 


11,900 


6, 400 


. 30 


3. 0 


1. 1 


2. 5 


O-F 


140-205 


67. 09 


6. 7 


10. 4 


11,800 


e. 450 


. 29 


3, 0 


1. 2 


2. 4 


J-0 


235-350 


114. 74 


8. 8 


14. 0 


13, 000 


7. 700 


. 23 


4. 1 


1. 7 


2 6 


J-K 


235-325 


90. 52 


7. 0 


la 1 


12, 900 


6,900 


. 30 


5 5 


1. 4 


Z 9 




600-785 


186. 22 


13. 4 


24. 4 


13,900 


7, 650 


.29 


4. 2 


1. 0 


3. 3 










Preabot 


maasaremrnta 










y-z 


5^85 


81. 37 


5. 05 


11. 5 


13. 5(H) 


7. UK) 


. 31 


3. 5 


1. 4 


3. I 
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the R«istler Formation to 5,072 fps for sandstone of the 
Gatuna Formation. Transverse velorities range from 
9,487 fps for the same gypsum and anhydrite .sample 
to 3,244 fps for the Magenta Member of the Rustier. 

CKANGBS IN PHTSICAI. PROPnRTIIiS 

The dynamic properties of the rook salt in the under- 
ground workings at Project Gnome were calculated 
from preshot and postshot in situ measurements of the 
compressional and shear velocities of acoustic waves. 
This work was descrilied by Dickey (11)64). Figure 9 
shows the plan of the preshot, and postshot workings 
and location of the sonic-velocity stations. Velocities 
and calculated elastic moduli are shown in table 5. 

Dickey (1964, p. BUI) concluded that: 

• • • the remilta of tlila study sfaou-ed that tl) although frac- 
turing of this rock la delectable by the artuiistk* luettiod used, 
compaction la not, and <2> the eiaalic moduli are changed for 
reasons other than couipnciion. t'urthermorc. the amotmt of 
fraciurltlg la aemiquautitatively estimable by acoustic means, 
t 'ompaclioti is not stmwn by the changes in elastic moduli caused 
by the explucdou. liecaiise of the larger changes In elastic moduli 
not related to compaction. These changes, however, may Indicate 
the amount and position of changes In stress of the rock snr- 
rounding an explosion. 

Density changes wore not delected in laboratory 
measurements (table 6), and, therefore, compaction was 
less than 1 [lercent on any siimplo tested. 

T.VBLE 6.^ — Physicot properties 0 / samples 0 / halite /ram unit 10, 
Salado Formation 

[AnalySx: Jolio Uoralsatl, ir., nnd S. f. Monk. Sslt^stursted kwosMU dsislty: 
0 SOW SI las'ci 



L«b- 

N*o. 

P7- 


|.AirMtl«Pi 

to drift 


Rock tjrp* 


R(T<c- 

Uto 

poraitr 

(pwoent) 


Orota 

d«cu 

«ttr 


Dry-bulk 

dflofitr. 

nxrcury 

dbploco- 

maat 


BotoimUd* 
balk d«n- 
sUy <1o salt- 
sMurmtod 

koSDiVO#) 


Total 

por<» 

ity 

(pw- 

eoQO 


nw 


81*. ft+M. 


PretlMt 

hoUt«. 


LO 


a 17 


X14 


x» 


1.2 


1012 


IQS ft from 
■hot. 
point. 

....do 


PosUImi 

hoi»«. 


1.02 


ZIM 


Xll 




X06 


IIW 


do — . 


.9 


xw 


114 


XIS 


1.7 


1300 


do... 


PooUbot 

▼vtn 

hoUto. 


.0 


XI? 


lit 


Xli 


1.9 



MINOR EUIHENT8 IN SSLADO FORMATION IN THB 
ONOMB DRIFT 

The Gnome drift, whose rocks show a sequence of 
cyclic (le|x)sition, provided a rare opportunity to study 
the distribution and association of minor elements of 
eva|)orite rocks in a iionminenilized jwtrt of the Salado 
Formation. 

.Semiqiiantitative s|iect rognipli analyses were made 
on siimples from seven stnitigmiihic units exposed in 
the Gnome drift luid from four replacement zones in 
these units. In addition, analyses for minor elements 
were made for comimrative pnr|>oses on samples of the 
langlieinite and sylvite oie zones from the MOD- and 90t1- 

2S2-7S7 o— as 3 



foot levels of the International Minerals and Chemical 
Corp, mine, 12 miles northwest of the Gnome site, and 
on samples of selenite crystals precipitated in Salt Ijake, 
8 miles we.st of the site. These analyses weie by Card. 
Coo[>er, anti others (1982, tables 9, 11). Samples from 
the Gnome drift are described in table 7 of the present 
report, and the semiqtiantifalive spectrogrtipliic anal- 
yses of these samples are summarized in table 8. 

Many elements either comiH>se the clay minerals or 
are closely asstwiated with the clays. These elements are, 
in order of decreasing abundance: ixjtassiuin, magne- 
sium, calcium, silica, aluminum, iron, titanium, lithium, 
Ixiron, barium, manganese, vanadium, zirconium, 
chromium, molybdenum, cop|>er, nickel, yttrium, gal- 
lium, cohalt, scandium and ytterbium. Several elements 
that are associated with the eluys also form parts of one 



Tabi.e 7. — Description and stratigraphic position of samples of 
Salado Formation analyzed by semiquantilative spertrographic 
methods 

|AU aampka from dttome drift] 



HtratiKfAuhic 

ifiampU' unit within Deveription 

Salsdo 
Formation 



30 10 (upper part). Halite rock, colorlcRs. 

31 <10,. Halite rock, orange, translucent: 

containa trace of dinMiminatcd 
orange ^yhalite. 

33 do Halite rock; composite rample. 

34 10 (lower part). Halite rock; contains some 

polyhalite, 

35 do Halite rock; contains some gray 

clay and trace of polyhalitc'. 

37 11 Hadite rock; eont*Jn.H gray clay 

and streaks of poly halite. 

39 12 Halite rock; contains gray and 

brown clay. 



41 13 (upper part). Halite rock, orange; shows 

streaks of orange polyhalitc 
and brown clay; contains trace 
of gray clay. 



42 


... do 


Halite rock, colorless; contains 
some brown clay and trace 
orang»‘ polyhalite. 


43 


13 (lower |»rt) . 


Halite rock; contains some brown 
clay and polyhalite. 


4ft 


14 


Haiiti' rock; contains blebs of orange 
polyhalite. 

PtMyhalite rock, iiioderati^* 
r«‘ddlsh*brown: contains tracts 
o( haliUv 


47 


15 (upper part). 


4H 


15 (middle part). 


poly halite rock, modernU*- 
ntddish-brown ; contains traci* 
halite. 


49 


15 (lower part) . 


Same; contains inclusions of 
grav clay. 


50 


1.5 


linderciay. gray; contains some 
haliU^ anotrace of polyhalitc. 


51 


16 - 


Halite rock; 0.3- to 0.5-in.-W|uare 
crystals; contains some ^ay 
clnv and orange ]>olyhaliU‘. 


52 


16 


Halite rock; 0.3- to l.O-m.-squan* 
crj'staLi; contains some brown 
clay. 


53 


16 


Halite rock, colorloM; cunlains 
some blebs of orange polyhalile. 
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Table 8. — LSttmmary of temiquontitatw tpeciroQraphu analy9e9 of nxiporiie rockt iSalado Formation) from Qnome drifts tit perttnl 

I^Mopka (ftMoribcd In UiMn 7. AraU^: J. C. HnmlltAn. M, tDR}or (omtltumt (fcnuU«r than tO pnreent): L, looked (or hut not detocted. AveracB; where raaolU w* noorted 
M 0 or <. vrUli a ouiaher, Ihe Kal(>ra2ne of (he threahhoM ol detection was use«i toi detennintne the arerace. Otlier etemenls looked (or but not delected: pboepboruB. 
slim, anootc, (oM, IwryUtum, bismuth. oadmium.rmniiiUum. hafnium, mercury, iDdlum, lanthanum, ulckei. paUadlum, platinum, rhenium, antlAony, tin. tanuluoi. 
teUarioiD, thodom, thaiHura, uranium, tunesien. tine, and cerium} 



Unit in Salado 
Formation 


10 


n 


12 


13 


14 


15 




16 


Sample Noe...... 


30, 31, 33-35 


37 


39 


41-43 


46 


47-49 


50 


51-53 


Si 


a 007 -a 15 


a3 


1.6 


0. 3 -a? 


0. 007 


a03 HX3 


M 


0 003 -a3 


A1 


. 015 - . 15 


.3 


.7 


. 3 


. 007 


. 016 - . 3 


1.5 


<. 006 - . 15 


Fe 


. 007 - . 03 


. 05 


.3 


.1 - .2 


. 002 


.07 - . 3 


. 7 


6 - . 03 


Mg 


. IS -2 


. 7 


3 


.7 -2 


. 5 


5 


7 


.15 - . 5 


Ca 


. 07 -7 


. 5 


.07 


.07 -5 


1. 5 


M 


.7 


.1 - .5 


Na 


M 


M 


M 


U 


M 


1 


7 


M 


K 


0-5 


] 


1. 5 


0-6 


2 


M 


7 


0-1 


Ti 


. 0007- . 003 


. 005 


.03 


.01 -.015 


<.0005 


. 0015- . 015 


. 15 


<. 0005- . 007 


Mn 


0- . 0003 


. 0007 


. 005 


.001 - .0015 


L 


. 0006- . 003 


.015 


O- . 0007 


B-- 


L 


L 


. 005 


L 


L 


L 


. 05 


L 


Ba 


<. 0002- . 0015 


. 0(i7 


, 005 


. 0005- . 003 


<. 0002 


.005 - .007 


. 015 


<. 0002- . 0005 


Co 


L 


L 


L 


L 


L 


L 


. 0007 


L 


Cr 


0- .0002 


. 0005 


. 002 


. 0003- . 0005 


L 


0- . 005 


. 005 


L 


Cu 


. 0001- . 001 


. 0001 


. 0002 


. 0002- . 0003 


. 00015 


. 0002- . 0015 


. 002 


0- . 0007 


Ga 


L 


L 


L 


L 


L 


L 


.0015 


L 


Li 


L 


h 


. 03 


L 


L 


L 


. 1 


L 


Mo 


L 


L 


L 


L 


L 


L 


. 003 


L 


Nl 


L 


L 


L 


L 


L 


L 


. 002 


L 


aSc 


I, 


I, 


L 


L 


L 


L 


. 0007 


L 


.Sr 


.003 - .3 


. 05 


. 005 


. 005 - . 3 


.07 


.15 - . 3 


. 015 


. 005 - . 05 


V 


L 


L 


. 002 


0- . 001 


I, 


. 001 - .0015 


. 007 


L 


Y 


L 


L 


L 


L 


L 


L 


.002 


L 


Yb. 


L 


L 


L 


L 


L 


L 


.00015 


L 


Zr 


L 


L 


. 0015 


L 


L 


L 


. 007 


L 



or more miiiprfil»i. Potassium aiul mii|nirsium form an 
intpjrnil part of the i>otylia1it« lattice, and raU-iimi is 
also a nuijor constituent of polyhalite. Included iron, 
which is also concentrated in the clars, imparts the char- 
acteristic reddislt-orantre color to [K>lyhalite. Itarium is 
more almndant in the clay comentrates and in the sul- 
fate mineral ladylmlite than in the halite. 

Boron is commonly associated with the clays but was 
not found in the halite or polyhalite, Strontiuni is rela- 
tively abundant in polyhalite hut is less abundant in 
halite rocks containinf; accessory polyhalite as blebs, 
streaks, or disseminated particles. 

Klemenl.s reported by Moore (l!)5Sb, tables 4, 5) in 
anhydrite, polyhalite, and halite rrx'ks of the Salado 
Formation, but not determined by the .semiquantitative 
speclrngraphic nieihiMl, are; chlorine, .sulfur, oxygen, 
hy<lr(»gen, bromine, carlton, (luorine, iodine, and sele- 
nium. Thorium and zinc were alst> re.|H>rted by Moore 
but are not present in the Gnome samples in amounts 
detectable by this method. Six elements not previously 
re|Kjrte<l were detected by the s]ieclrographic method: 
chromium, lithium, scandium, yttrium, ytterbium, and 
gallium. 

MINBKXI.OOY AND PBTnoGRAPirr OF THE SAUDO 
FOKMATION NBAR THE DEVICE CHAMBER 

\ |>ctrogniphic study was made by B. M. Madsen of 
(he e\-u[x>rite rocks near the device cbamlwr, and the 
insohihle clastic material from these rock.s was studied 



: by Julius Schlocker. Seventeen thin sections from a 
l(X)-foot section of the recovery-hole core and four thin 
sections from rock samples collected in the drift were 
studied and described. Tlie 100-foot section of the core 
extended from 50 feet above to 50 feet below the device 
chamlier. The predominant mineral is halite, and lesser 
! amounts of polyhalite and elay are present. The other 
! minerals present are magnesite, quartz, chlorite, mica, 
and anhydrite, which generally occur in amounts of 1 
percent or less. 

BAUTX 

Halite makes up more than 90 percent of the 100-foot 
section of the recovery-hole core. The halite rock is hy- 
pidiomorphic-granular and shows no strain birefring- 
ence or .schistosity in thin sectiem. The grains range in 
size from 0.75 to 50.8 mm, hut most are between 7.62 
I and 17.8 mm. K plot of the cry'stal size of the halite on 
a strip log showing lithology and depth shows a slight 
tendency for the size of the halite crystals to decrease 
as the disseminated -clay content increases. More than 
half the. halite cry.stals contain negative crystals (crys- 
tal-shaped voids) filled with a liquid and gas. These 
negative crystals are both cubic and rectangular, but 
they always maintain right -angle comers, and they are 
as much a,s 0.05 mm in diameter. Generally the negative 
crystals iwur in zones three oi four crystals wide and 
parallel to the cleavage of the host halite crystal, but 
in some the zones of negative crystals are at a 45® angle 



Digitized by Google 




PROPERTIES OF THE ROCKS 



15 



to the cleampe. The nepitivc crystals also occur as curv- 
luf; zones or in small irregular masses of several hundred 
crystals. 

POLTHAUTE 

The second most abundant mineral in the 100-foot 
section of core is polyhalite, which ranges in color from 
white and gray to brick red. In thin section the polyha- 
lite exhibits a variety of textures, which are divided into 
four types (Schaller and Henderson, 1932, p. 51) . These 
types may occur singly, intimately mixed, or grading 
from one to the other. 

The first texture is fine grained, the crystal size rang- 
ing from 0.001 to 0.02 mm, and is allotriomorphic-gran- 
ular. The fine-grained texture generally characterizes 
the more ma.ssivc forms of polyhalite. 

The second texture is coarse grained, the crystal size 
ranging from 0.02 to 0.5 mm. Crystals range from an- 
hedral to enhedral, but are mainly subhedral and 
twinned. 

The third texture is euhedral twinned and includes 
two distinct forms, both of which show laminar and 
sector twinning, are colorless, and range in crystal size 
from 0.2 to 6.0 mm. One form of the euhedral-twinned 
group is s|)ear shaped (fig. 7.4), and the length is no 
greater than twice the width. The second form of the 
euhedral-twinnerl variety is the lath (fig. IB). Tlie 
length of the cuhedral-lath twins is generally at least 
10 times the width; normally this form occurs as in- 
clusions in halite crystals or as jtrojei-tions into a halite 
crystal. The lathlike crystals range in width from 0.01 
to 0.5 mm and in length from Oil to 3.0 mm. 

The fourth texture is fibrous and is characterized by 
crystals that range in width from 0.001 to 0.004 mm 
and in length from 0.1 to 0.9 mm. The fibrous and fine- 
graine<l granular textures are gradational and com- 
monly occur together. Individual fibrous crystals are 
common in the halite. The fibrous form shows all gra- 
dations from almost i>erfect spherulites to faint wis])s 
of fibers. 

Color . — Polyhalito imparts a light-orange or reddisli- 
brown color to the rock and is the most conspicuous 
mega-scopic mineral. The color de|>endB on the amount of 




R 



Fic.ubk 7. — Twinned polyhalite erystai fomis: .4, shnia-d; 
B, lath ahapeil. 



[ included hematite in the polyhalite. Hematite occurs as 
an extremely fine dust disseminated through the fine- 
grained and fibrous forms of polyhalite but is alisent 
in the euhedral forms, which are colorless. Hematite also 
occurs in the brown clay and along some cleavage planes 
in the halite immediately adjacent to the brown chiy 
inclusions. Mottling observed at the top of the Union 
anhydrite, a locally u.sed name, in the Salado Kormation 
is due to a mixture of hematitic fine-grained to fibrous 
polyhalite and colorless coarse-grained polyhalite. 

Structure . — Polyhalite occurs as blebs, growths, 
streaks, scams, lieds, bands, and disseminated crystals 
or particles. The terms “bed,” “band,” and “seam” are 
applied to horizontal laminae of polyhalite which may 
lie brick red, orange, or white and range in thickness in 
this part of the section from a few hundredths of a foot 
to 1.5 feet. In texture these laminae are mostly fine 
grained or fine grained to fibrous. At the contact of a 
polyhalite band with halite, long euhedral-twinned 
laths of polyhalite usually project into the halite. 
Rounded masses of coarse-grained polyhslite and rem- 
nants of large euhedral-twinned crystals of polyhalite 
are also present in some bands. 

Polyhalite is nearly ubiquitous in the halite as small 
masses that make up 1-10 percent of the rock. Where 
these masses are roughly equidimensional, they are 
called blebs or grow-tlis; if they are at least three times 
longer than they are wide, Uiey are called streaks. These 
small masses average 1-5 mm in width, are orange, and 
occur in or between halite crystals. Generally they have 
a center of fine-grained polyhalite, and long fibrous or 
euhedral laths make up an outer rim that projects into 
the surrounding halite. The laths projecting into tlie 
halite are so evenly developed that, they look like the 
teeth of a comb or tlie spokes of a wheel. The centers of 
some blebs are mixtures of coarse- and fine-grained 
polyhalite or of fine-grained and fibrous polyhalite. A 
few blebs are composed of a mat of fibrous crystals and 
contain no fine-grained polyhalite. 

AVHTDSITE 

Anhydrite was found in only two thin sections, where 
it amounted to 1 percent or less. One thin section is from 
' a sample taken 1 Ji feet below marker bed 121 and shows 
anhydrite crystals at least 5.5 mm long that have been 
badly corroded by lialite. The other section is from a 
sample taken from the top of marker bed 120 and sliows 
a single perfectly euhedral anhydrite crystal in halite. 
This crystal is 0.21 mm long and 0.07 mm wide. 

OZASTIC KATZUAL 

The presence of clastic material in the Salado Forma- 
tion is on anomaly. This material was probably not 
brought in from the open sea to the south, luid a j>oBtu- 
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lated landmaw to the northwest must, have been many 
miles away. Tlie cla-stic material is miunly clay and silt 
size (table !)) , has minor amounts of sjind-sized material, 
and could have been carried in suspension by streams 
from such a lambnass; possibly some of this material 
was airborne. According to Julius Schlocker (written 
commun., lOfil), the sand-sized malcrial consists of 
doubly terminated quartz crj-stals that attain n maxi- 
mum diameter of O.G mm. Cores of some of these euhe- 
dral crystals show ghost-sof well-rounded quartz grains, 
which indicate that thecrystals were much smaller when 
deposited and that they acquiretl overgrowths of quartz 
after de|X>sition. Clasts of other minerals, which arc 
sparse and mostly very fine grained, include mirrocline, 
plagioclase (mostly oligoclase), and quartz with biotite 
inclusions. 

T.^blb 9. — Approximalt size and hcavy-mineral compoeitxon of 
flastie maUrial in units ll-tH of the Salado Formation in 
Onome drift 



[Julios Schlocker. writtm commun . 1961] 



Unit 


Pcrcentttio’ of material of jfiven abwi 


Heavy 

fnincrala 

(percent) 


l/ow than 
2 micron* 


sat 


Sand 


n 


75,0 


15.0 


10,0 


0.17 


12 


78.3 


14.5 


7.2 


.22 


13 


73.2 


19,3 


7.5 


.13 



The heavy-mineral asseml)lage, according to 
Schlocker (written commun., ItlGl), is approximately 
the same in all units and is as follows. 

Abundant; ilmenite; leiicoxene; magnetite with drusj' 
surfaces; biotite, green and brown; muscovite. 
Common; hornblende, blue-green to yellow-green, pale- 
brown to brown, green to brown; monazite; ejiidote; 
chlorite; tourmaline, yellowish-red-brown to color- 
less, greenish-brown to colorless, dark-green to pale- j 
brown. 

Srarce; zircon; rutile; apatite; .sphene; clinozoisite; 
garnet, pale-brown, colorless, and rutilated; iron 
sulfides. 

Rare; oxy hornblende ; anatiuse; anhj’drite; actinolite- 
tremolite; sillimanite in quartz; hypersthene, etched. 
Clay . — The term “clay” is here used for the water- 
insoluble minerals of clay and silt size. Clay-sized par- 
ticles make up more than 75 j>ercent of this material. 
Tliis clay-silt mi.xture occurs as irregular .streaks, inclu- 
sions, and partings in the .Salado Formation. The part- 
ings vary in thickness from a featheredge to 19 mm. The 
silt-sized material was examined with the petrographic 
microscof)e, and the clay -sized fraction was analyzed by 
X-ray diffraction by .Julius .‘schlocker of the Geological 
Suia-ey. 



The silt-sized material is made up largely of quartz, 
magnesite, chlorite, and mica. All clay-sized saniple.s 
that were examined are of similar composition, accord- 
ing to Schlocker (written commun., 1962), and contain 
alx)ut equal proportions of (1) interstratified chlorite 
and montmorillonite having both regular 1: 1 alterna- 
tions and random alternations; (2) mica, both triocta- 
hedrnl (biotite; phlogopite type) and dioctahcdral 
(muscovite type) ; and (3) chlorite. A trace of magne- 
site is present in the clay-sized material. In the halite 
rock the proportion of clay- and silt-sized grains range.s 
from 0 to 40 percent, but averages 1-3 percent. Talc, 
which commonly occurs in halite rock, was not found. 
Tlxe color of the clay ranges from gray to gray green to 
reddish brown. The rea-son for the color difference was 
not determined. The colors persist, even in the lees than 
2-mieron-sized fraction and in the clay minerals 
themselves. 

' EFFECTS OF THE NUCLEAR EXPLOSION 

1 Tile Gnome shot was fired at noon on December 10, 
I 1961, and produceil a yield of about 3 kilotons (eqiiiva- 
I lent to 3,000 tons TNT). At shot time the ground .sur- 
face above the detonation iwint rose about 5 feet ami 
then dropiied (Hoy and Koose, 1962). Shortly there- 
after, oliservers 5 miles away felt a strong ground roll. 

The ground surface was ]>ennanently domed upward 
for more than 400 feet radially around greund zero, the 
maximum rise being 1.9 feet. An irregular pattern of ra- 
dial and concentric fractures with slight displacement 
was fonnetl in the stabilized caliche pad and adjacent 
dune sand. Most of the concentric fractures had the 
outer side upthrown (Hoy and Foase, 1962). 

One interesting surface effect was the appearance 
shortly after the shot of a large number of freshly dug 
or recently cleaned-out animal burrows in the vicinity of 
ground zero (Hoy and Koose, 1962). 

The explosion melted appniximately 3.2X10* kilo- 
grams of .salt and produced a standing cavity with a 
volume of about 27,200 cubic, meters (Rawson and oth- 
ers, 1965). The shock of the explosion opened radial 
fractures and prcaluced some thrust faults in the adja- 
rent rock that were tilled with melteci salt and rock frag- 
ments. Fractures as much as 1.30 feet from the cavity 
were injected with radioactive ga.ses, ns shown by blue 
coloration of the salt, 

A few moments after firing, the .shot vented into the 
drift and up the shaft, having breached the salt in the 
vicinity of the line-of-sight neutron-tulw hole and hav- 
ing blown a rapture disk out of a ventilation hole in the 
hla.st door. Stemming at the bypass section near the blast 
door prevented any ultrahigh-pressure gases or particles 
fnim e-scaping through the vent. For more than a day 
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clouds of stram Isden with short-lived radioactive gases 
drifted gently fmin the shaft and ventilation pipes. Air 
and surface contamination were closely monitored, and 
traffic near the site was stopited for a short time to en- 
sure public safety. Because of the radiation, reentry to 
the main station was delayed for nearly a week. 

The shot was completely containetl by the roclcs di- 
rectly over the .shot, and there has been no indication 
that any radioactivity leaked into the ground water in 
the Culebra Dolomite Member of the Rustler For- 
mation. 

EFFECT ON THE SHAFT 

Damage to the shaft was very limited. At 75 feet and 
DO feet Iwlow the collar, the reinforced-concrete shaft 
lining displayed horizontal fracture-s with minor lateral 
movement, around its entire circumference. The con- 
crete liner above each fracture had moved radially away 
from ground zero relative to the ijart below. Neither 
fracture had a displacement of more than one-fourth 
inch. Tlie differential movement at these two positions 
was probably localized by two contacts: at 90 feet by 
the contact of the Dewey Bake Redbeds with the less con- 
solidated overlying Oatuna Fonnation, and at 75 feet 
by a contact between conglomerate and less consolidated 
sandstone in the Gatuna. 

The concrete lining contained several minor hori- 
zontal fractures, with showed nowisible displacement, 
at depths of IfiO and 4H0 feet. The lower of these, about 
15 feet above the top of the water-l)earing Culebra Dolo- 
mite Member, produced a slight water seej). However, no 
large amount of water seci)cd from the Culel^ra into the 
shaft or the cavity (J. B. Cooper, U.S. Geol. Survey, 
oral commun., 1962). Below the concrete lining there 
was small-scale spalling of salt and clayey beds from 
the shaft wall. 

EFFECT AT THE 31A1N STATION 

At the main station (junction of the shaft and drift) 
damage from the shot consisted of large-scale spalling 
from the ribs, especially at exterior comers, and of slab- 
bing from the back of about 3-4 feet of units 13 and 14, 
which partetl at the cxmtact with the clayey units 11 and 
12. MTiere roof bolts, netting, and a monorail were af- 
fixed in the back, large slalis of units 13 and 14 were 
hanging free, and this loose rm-k had to lie removed 
during clejinui) O|ieration.s. 

The marker bed 121 )>olyhalitc (unit 15) was bleached 
to a depth of a few millimeters, probably by the steam 
that leaked from the cavity. Tlie 16-f<K)t-deep sump at 
the bottom of the shaft was filled with water condensed 
from the steam, and, for a few weeks after the explo- 
sion, ankle-deep water was present on the sill (fhxir) at 
the main station. 



THE REENTBY DRIFT 

Be<"ause radiation levels were high in the original 
drift, a reentry drift «tis driven parallel to and almut 
,30 feet south of the original drift. The reentry drift was 
' const met e<l to allow close-in sample-recovery drilling 
and recovery of instniment.s buried before the shot. 

The reentry drift and appurtenant exploratory lat- 
erals were mapped in June 1962, 6 months after the 
shot was fired (pi. 2). Unlike the original drift, which 
was horizontal, the reentry drift was sloped slightly 
downward, following the bedding, to take advantage 
of the parting lietween beds 11 and 12. This provided 
a smooth strong back which did not require any Ixdt- 
ing. The reentry drift, thus, exposed the same beds for 
its entire length. 

SfepD . — Explosion effect-s, such as faults, fractures, 
and irradiated salt, were not seen in the reentry drift 
lioyond 250 feet from the shoti>oint. The most obvdous 
difference ohserved between the salt exposed in the 
reentry drift and that exposed in the preshot drift was 
the presence of water seeiw along the reentry drift. 
.Several seeps were visible at the ba.se of unit 15 (from 
the clay underlying the polyhalite) and from the thin 
clayey units 11 and 12. This water must have been de- 
rived from the steam created by the blast. If it had 
merely Ix-en moisture squeezed out of the clays by the 
blast, it would have lieen more widely distributed and 
should have licen more abundant where the clays were 
thicker. Seeps also were associated with the grout-filled 
instrument Iioles intercepted by the drift. Some of this 
water could have been introduced by the grouting 
operation. 

VENTINO 

Venting occurred liecause the larger-than-antic.ipated 
cavity and spalling from the cavity walls resulting 
from the explosion reduced the separation between the 
cavity and the end of the straight part of the drift. 
Radial fracturing from the cavity provided avenues 
of escape for the high-pressure steam, and, once open, 
these fractures breame enlarged by solution and erosion. 
Salt along the path of the steam was dis.solved and 
scuiplured in potholclike cusps (fig. 8). At the drift 
elevation, the thin, i«>tentially weaker, clayey halite 
lieds — units 11 and 12 — protaibly contributed by pro- 
viding a lubricated zone of weakness. 

THE CAVITY 

An open cavity almut 70 feet high and more than 
150 feet across resulted from the iletonation and (tost- 
shot collapse (fig. 5). In plan, the cavity is roughly 
oval and is elongated in the same direction as the drift 
(fig. 9). I’ostshot drilling indicated that strata 200 feet 
above the shot{K>int were |>ermanently displaced 5 feet 
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PiuuEE — Steatu-erocled potbolen in unit 10 where shot vented 
into preshot drift. Comer of preshot drift shows at lower left. 



upward (I.awrence Radiation Lab., written conimun., 
1962), an<l that tlie Union anliydrite, a lorally used 
name, in the Salado Formation, which lay 55 feet be- 
low the shoti>oint, was displaced downward more tlian 
10 feet (T. S. Stcrrett, U.S. Oeol. Survey, oral commun., 
1962). 

The bottom of the cavity contains a heap of rubble 
composed of large angular blocks of salt which have 
fallen from the vault and sides (frontispiece). Honed- 
up ends of strata crop out in the walls of the cavity, 
and the walls exhibit no evidence of melting. Colors 
in the aivity are spectacular and include red, brown, 
white, orange, yellow, and blue. The yellon- and blue 



colors are caused by radiation damage to the salt. Radial 
fractures are seen in the vault of the cavity; these 
fractures narrow radially from the center of the vault. 
They are filled with Vrhite salt evidently redeposited 
from solution, and thin white salt stalactites hang from 
the vault and sides (frontispiece). 

EZPLOSION-IIfDUCED STRUCTORB 

Detailed geologic, mapping of the reentry drift dis- 
closed that the detonation had surprisingly little effect 
on the strata lying at the same altitude as the sliot- 
point. Evidence for this is, of course, confined to what 
could be seen in the limited postshot mine workings. 
Undoubtedly, blast effects will be found in salt beds 
above and below the drift level if exploration is carried 
out at other levels. A belt of .salt about .30 feet high 
in the cavity wall at about device level seems to have 
been moved radially outward as a unit, and the beds 
above it are bent upward. The contact between Iteds 
showing these different tyires of movement lies about 
at marker l>ed 119 (detailed measured section, p. 24), 
and it is postulated, therefore, that structures similar 
to those ex|>osed in the postshot workings will l»e found 
at leaist to that level. Beds logged in the recovery hole 
and shaft can i>c identified clearly in the cavity walls. 

Major lateral blast-induced effects were largely con- 
fined to a radial distance of about 140 feet from the 
shotpoint, although curving vertical faults, concave 
toward the preshot drift and showing slight horizontal 
movement, are found as far as 250 feet away from the 




Kiaiias 0. — Mop of unclprzronml workings onU cavity. Sonic velocity Htntlons arc lii<licatc<t by italic Iclters. and Ilnea of aonic 
mpOMiimment, lijr dashofl IIiu.'a; from Dlrkey (1904). RiilarKi^iuent xhowH 1iK*ntloii <»f c.tohk ID. 12). 

Arrow8 Hhow route of viHithii;. 
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shotpoint. These faults probably were formed because 
of the relief effect of the preshot drift, although they 
may lie tear faults representing the ends of thrust faults 
that lie concealed above the mine workings. 

The contact between the thin clayey halite l>eds 
that form units 11 and 12 forms the hack of the re- 
entry drift. In many places the bottom of unit 11 
displays the cast of ripple marks that were present on 
the upper surface of unit 12. These ripple marks were 
destroyed by dilTcrrntial movement along this contact 
and are commonly replaceil by slickeii-sides to alHiut 2110 I 
feet from the shotpoint. Ib-yond there the ripple merks I 
are intact. In most places the slickensidcs trend N. 35° 
E., roughly radically from the sliotijoint; but at station 
S-l-'iS, near the junction of the reeiitry drift and the 
lateral III-S, a set of slickensides trends N. 80° E., in- 
dicating that some motion was not radial. 

STHrCTtJRE IN CONFINED 8AI.T 

Except for the radial fractures seen in the vault of 
the cavity and a few others e.xposed in the button- 
hook reentry drift, bla.st-produced faults in the con- 
fined salt ap()ear t<i la- restricted to a 10-foot section 
of salt (units 13-15) liounded almve by the clayey 
layers (units 11 and 12) and below by the clay at the 
base of the |)olyhalitp. These fractures are mainly thrust 
faults that dip Imth toward and away from the cavity 
and die out in the clay layers. Overthriist.s are more 
(-ommon than underthnists. The thrust faults end later- 
ally by curving ilownward into vertical tear faults that 
die out in the salt beds. 

Typical examples of these faults are .seen in the drill- 
ing alcove (section .l-.-l', |>1. 2) where two thrust faults 
that dip toward the cavity are well eximsed. The one 
ex|ioswl in the ea.st wall has 2 feet of throw, which can 
l)c measured from the offset of the contact la^tween 
units 13 and 11 in tlie alcove wall. A 2-foot-sf(uare hole 
dug in the wall revealed that, although unit 15 is offset, 
the fault dies out in the underclay and docs not offset 
unit 16. The north end of this fault dies out in a tear 
fault in unit 1.3. The other fault has only one-half foot 
of throw and can lie traced in the south, we.st, and north 
walls of the alcove. The lower end of the fault originates 
in the clay under unit 15 and off.sets the |iolyhalite 
slightly, hut the upper end is not exfxised (fig. ll.I). 
Figure 10 is an interpretation of lhe,se two fault.s. 

In the No. 12 lateral, which was driven to reswer an 
instniment, unit 14 di.splays horizontal hairline frac- 
tures along the wall neare.st the cavity that are similar 
in apiJCarancc to the fault just des<-ril)ed. The offset on 
these fractures could not l>c determined, nor is the di- 
rection of dip known, but any movement along them 
must have been very slight. The gougi- in these fractures 
292 797 o— es 1 




FiaiauE 10. — Geologic cross section P-P' of drilling alcove, show- 
ing thrust faults. Right fault shown In figure 114. See 
lahte 2 for description of numitered stratigraphic units. 



is blue in place,s, indicating that radiation leaked this 
far along the fractures. There is no indication in this 
lateral of any offset of the jjolyhalite bed. 

Adjacent to the cavity, faulting is more common and 
more complex, although no faults were seen that had 
more than a few feet of displacement. On many faults 
at least some comimnent of movement could be meas- 
ured, from offset either of beds or of mudcracks in unit 
13. 

According to a resurvey of grout-filled instrument 
holes, total lateral displacement 100 feet from the shot- 
[ [mint was 16 feet. An instrument 127 feet from the shot- 
i ])otnt had been moved away 8 feet. Bags of salt in the 
alcove at the end of the straight section of the preshot 
drift that initially were alxmt 90 feet from the shot [mint 
were about 120 feet away and had been lithified into 
well-compacted .salt breccia (fig. 115). Outlines of indi- 
vidual bags with cloth fragments between are still 
discernible. 

STRVCTltRB IN ITNCONFINED SALT 

On the west side of the shotpoint, the buttonhook drift 
remained open up to shot time. It was designed to be 
blown shut when the shot went off, and in this it was 
eminently successful — material that had been left in the 
open drift, was blown 35 feet from its original position 
and sealed tightly in a well-lithified intrusive breccia of 
salt. Complex thrust faultitig accompanied by intrusive 
breccia is found as far as 110 feet from the shotpoint 
on this side of the cavity. 

FmiUing . — The rocks observed in the buttonhook re- 
entry drift were com|>lexly faulted. Several thrust faults 
can lie seen along the right rib, and many of them con- 
tain melt. The section ex|)osed in the left rib is un- 
faultcd, but the beds lie about 4 feet above their pre- 
shot altitude. The thntst fault.s generally die out later- 
ally in downcurving tear faults. The main rock unit 
involved in the faulting is unit 10, which has lieen thrust 
under il.self. A small lateral driven toward the cavity 
revealetl details of one of these faults (fig.s. IIC, 12). 
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Kiui'KK 11. — Thru’it faults, lithifi<ntioD» Mud brecidiitioQ rvKUlt* 
ing from Ibe Gnome ex|»10Minii. .4, Thrust fiiult offni'Ming 
unit 15 (pcdyhallte) in ctrilllug alcove. Kuult nriglnutei* 
in thin clay at luise of polyhalite (left of hammer) ami does 
not offset unit 10 ilieli>w hammer). H. I.lthitled xalt hags. 
Note outline of hag Hhape top center Imlicated by arrows 




E 



and cloth fragments near **2'’ on rule. (See pi. 2, section 
B-B', left rib.) V, Underthru.st fault in unit 10 in but* 
tonbiMik reentry drift. Fault imralleU Iteddlng of lower 
plate, following a thin clay seam that normally Ilea !i.S feet 
above Imsal clayey halite at left. (*avlty to right. Scale is 
3 feet bmg. (St*e pi. 2. section left rib.) />, Intnisive 

hr%Hs-la in hu(ton)iuf»k iHsfU-ery drift. Klo<-kH are «simi»osed 
of intensely gntnulalisl halite crystals, mainly from unit 
10. Black matrix is chilled salt melt containing dis.seiuinate4l 
oparpie black carlHiii ami the blast-prmlucinl minerals 
lutirioiiite uml galena. (St^e pi. 2, stniUm E. Intru- 

sive lire<‘cla vein in rib of buttonhook re<‘overy drift. Rule 
is inches long. (See pi. 2. se<-tion 
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PiouftE IZ — Geologic crow section 8 - 8 ’ through buttonhook reentry drift See table 2 for description of numbered stratigraphic 
units. Datthed linea indicate original poaitioa of buttonhook drift and atrata. 



The determination of the details of the structure from 
the limited exposures available n’as facilitated by the 
presence of several thin distinctive bods in unit 10. 

tnimnive breccia , — Intrusive breccia is associated 
with the faulting along the right rib of the buttonhook 
reentry drift. The breccia consists of fragments that are 
largely composed of salt from unit 10 and range in di- 
ameter from a few millimeters to several tens of feet. 
These brecciated salt fragments occur in a matrix of 
black salt melt (tig. ll/>). The black color is iin|>arted 
by two blast-produced lead minerals — laurionite and 
galena — and disseminated carbon. The breccia contains 
twisted fragments of mine rail, steel ventilation pipe, 
wire, aluminum conduit, and cable covering and a few 
slightly scorched fragments of wood that had l)cen left 
in the buttonhook drift. These fnigments now lie aliout 
an feet from their original position. Salt in the blocks 
was granulated by the shock htit not melted. Halite crys- 
tals in unit 10 ranged from 10 to *20 mm in diameter be- 
fore the shot (fig. lit) but were shattered by the explo- 
sion and retliiced to angular fragments measuring a 
millimeter or less (fig. 14.4). This granulation must 
have restilted from the amount of free movement in 
these blocks, becan.se it is not seen elsewhere, even in the 
cavity walls. Halite crystals in the cavity walls are frac- 
tured, but their outlines are plainly visible. Bedding 
planes in the larger fault blocks are distinct and still 
roughly horizontal, although the smaller blocks in the 
breccia are randomly oriented. Betiding platies are not 
dismpteil within the larger blocks, although they may I 
display drag against faiilt.s. I 



F^auu: 13.— Pbotomicrocrapb of presbot salt. Dark areaa are 
IMiljhalite and clay. Xn(e rleavaxe planes. 

The density and porosity of samples of the granulated 
halite from the breccia and some of the vein material 
were detcmiinetl in the laboniloiy (table ti) and com- 
IMired with the results obtained on preshot sample (ta- 
bles .S, 4). If any change in the density occurretl, it was 
less than the limit of error due to sampling a .slightly 
variable unit. Total porosity appeal's to have inci-ea.se<l 
slightly, probably owing to the increased numlier of 
grain boundaries. 

NEW KINERAXS FORKED 

.V.ss(K':iale<l with the blocks of granulated salt are 
black veins of intrusive breccia containing the iiiaiimade 



Altitud* 

2233*-r 



2230' 



2205- 



2200 ' 
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minerals laurionife' and galena (Gard, 1963). These 
veins are no! radioactive. Tlie veins, which are seldom 
more than a few inches wide and arc generally radial 
to the shot|x)int (Kgs. IIA', 15), display sharp contacts 
with the host rock and are intruded along faults and 
fractures. The black veins and breccia matrix consist of 
melted and recrystallized salt and contain minute 
opaque black minerals dis.seininated between the salt 
crystals and sharp-bordered fragments of clear un- 
melted plastically deformed salt. .Some of tbe unmelted 
salt fragments have a very thin selvage suggesting par- 
tial melting, and many of tbe fragments show warping 
and bending of la'dding and cleavagi- suggesting pln-stic 
deformation (Kg. H/f). In one thin .section a tiny vein 
displays flow textures with warping ami swirling of 



> Laur1onl(«> Omt found at reaurtum. Qrt^rt, wbare It Is formed 
br tbr action of am water on alaitH from lead mines that were n|trratrd 
durloK tbe time of Perlrlrs I4th rentary B.C.I. 




H 



Fiouiue 14. — PbotomicrographM of Intnutlve brfcclji retialting 
from Onomo exploelon. A, Swirl pattern of fragments in In* 
trualve breccia relnlet ; black areas are carbon, latirlonite, 
and galena. B, Plaaticallj deformi'd Malt fragment in iniru* 
aive breccia. C, Chilled border of melt agaltud fragment ; 
chilled border containn fewer opaqne mlnerala. 

frapnenis reminiscent of that commonly seen in welded 
tuffs (hg. 14^). Minute fragments of copper and steel 
wire are not uncommon constituents. 

Tldn sections of the veins show that the melt has nar- 
row chilled borders where it is in contact with many of 
the larger fragments and wallrock. Tlie chilled bonlers 
are relatively free of lead minerals, but those minerals 
occur in the interior of the veins in the form of dust 
lying between the tiny crystals of melted salt (fig. 14f7). 

A mixed grab sample of black salt that was thought 
to be representative of the melt was collected from sev- 
eral places along the buttonhook recover)' drift and 
submitted to (he laboratory for analyses. Tlieodore 
Botinelly (written commun,, 1962) reported as follow.^ : 

A part of the sample w’as lenehed with distilled water In tbe 
ultras4iiiie agitator. The X-nty dlfTractometer pattern of the 
bifu-k (dark hlue-grny) rt'sidiie sh<»we<l laurlonlte (Pb(Oll) Cl), 
galena and u micti. One fragment of vein material w*as 

('leaned of milt and leached with wnter. The residue amounted 
to approximately (.'p perconi of the weight of the original mate- 
rial. Slight efTervi'seemv with at'ld Indicates some carbonate I" 
present. (.Magnesite Is present in the preshot clays.) Mlrms<*opii' 
exAinliiatlon shmv(>d, in addition, doubly terminates! quarts 
crystals with u siniill 2V. Quarts fnmi u pn'sbot sample of fairly 
pure salt showed no 2V. Also present in the nmldue from the 
preshot salt wen* flakes of mii.m-ovite. 

Synthetic lanrionite was i»re|sired from lead acetate and 
stslium (’hloride soliithms. Dehydrateil at 1.V>*C. for 12 hours it 
hn»ke down to a inlxtnn* of lend oxides and lend chlorides. The 
mixture did not revert t(» laiiriontte in 4K hours. After 04 hours 
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Fiocu: ir>. — Hand specimen sbowlnn rein nt Intrusive breccia, 
rnmclted salt fragments set In matrix of black melted salt. 
Black color Is caused by presence of carbon and of lead 
minerals laurlonlte and galena, which were formed by 
heat and pressure of the shot. 

In an atmosphere saturated with water, the mixture showed a 
laurionite X.ray psttem. 

Induction- furnace determinations, by I. C. Frost, 
showed total carbon content of the insoluble residue of 
two samples to Ire 5.64 and 6.74 jrercent. 

ELEMENTS INTBODUCED 

Comparison of the seiniquantitative spectmgraphic 
analysis of the insoluble residue from the black veins 
(table 10) with analyses of the rock units exposed in 
the preshot drift (table 8) shows that silver, bismuth, 
lead, tin, zinc, and carbon are new elements that must 
have been introduced by the explosion. There are two 
potential sources for these elements: first, the nuclear 
device and material placed around the device, and, sec- 
ond, material left in the buttonhook drift, after 
excavation. 

At the time of the explosion, larfte quantities of lead, 
iron, and paraffin wore present in the shielding block 
used in the device-performance measurements. Substan- 
tial amounts of wood and aluminum also were present. 

The poatshot. presence of silver, bismuth, and zinc, 
which were not detected in preshot samples, is readily 
accounted for, as they are common minor impurities in 
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Table 10. — SemiquantiUitive ipw4rvgrapAic analytit of inootuble 
reoidue of t>eia material reemting from the Gnome exploeion 



lAiUrlsk IndlcatmdlttiC IncrwMor deenw* bom UMant imsoat to pnohot mmplM 
(tabi* 8). prob4bty diH to iDAlytlcol wror. M. mojor constltuoat (ermter than 10 
IMnnOi 



Element 


Percent 


Element Percent 


Si 


M 


Ct 


O.OO.'i 


A1 


1.5 


C'u. 


7 


Fo 


1.5 


(in 


0015 


Mg 


M 


I.I 


*0 


Ca 


.5 


Mo 


*0 


Na. 


- *1.5 


Ni 


007 


K 


•1.0 


Pb 


M 


Tl 


.15 


8c.. 


.0005 


Mn 


.015 


Sn 


007 


Ag 


.003 


Sr 


01 


B 


.Oi 


V.. 


*.005 


Ba 


.01 


Y 


002 


Bi 


.005 


Yb 


*.0002 


Ce.. 


0 


Zn 


07 


Co 


•.002 


Zr.. 


0007 



lead from western smelters. The additional copper could 
have come either from the vicinity of the device or from 
a wire fragment left in the buttonhook drift that was 
unnoticed in the sample. ITie presence of zinc is harder 
to explain, but both the zinc and the copper could have 
been derived from brass fittings around the device. Car- 
bon could have come from vaporized paraffin or wood 
near the device. 

Rawson (1963, p. 133) suggested that the lead was 
derived from a small number of lead bricks that were 
placed at one point in the buttonhook drift, and that the 
carbon was derived from the burning of wood left in the 
buttonhook drift- Yet it hardly seems possible that the 
small amount of lead left in the buttonhook drift could 
have had such wide circumferential distribution from a 
point source. Wood fragments recovered from the brec- 
eda were only slightly scorched — not charred- — and much 
of the wire found in the breccia still had uncharred 
insulation around it- Bags of salt that were only 90 feet 
from the shotpoint were found with fragments of the 
cloth still intact (fig. IIS), and the cloth showed no 
evidence of charring. Because of the foregoing evidence, 
it seems unlikely that materials left in the buttonhook 
dnft. could have been the source of the lead and carbon. 

There are two possible sources for the melted salt in 
the vein material. The first of these, of course, is salt 
directly melted by the heat from the blast. The second is 
salt produced by shock-induced melting from the free- 
moving salt near the buttonhook drift. The first source 
seems more plau.sible because of the presence of elements 
that must have come from the device chamber. More- 
over, the fact that the lead combined with sulfur and 
chlorine suggests that those elements were provided by 
vaporized halite and polyhalite near the device, and, as 
noted above, the organic materials in the bre<-cia do not 
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appear to have been subjected to heat intense enouj^h to 
destroy them. 

It is postulated, therefore, that the melted salt, as 
well as the introduced elements, was derived from the 
vicinity of the device and was injected tlirough fractures 
that were sealed before any radioactive elements were 
able to escape. There was no increase in iron content in 
the postshot rocks. Presumably the iron did not vaporize 
as early as the other elements * and thus was imable to 
escape. 

The lead combined with chlorine from the sodium 
chloride and with water to form laurionite and with 
sulfur derived from the sulfato mineral polyhalite to 
form galena. The presence of tlie OH radical in the 
laurionite suggests that the mineral was formed at a 
temperature less than 142°C, because above that point 
laurionite breaks down into lead dlilorides and lead 
oxides. Thus, it must have formed approximately in 
place during retrograde temperabiro change. 



DETAILED DESCRIPTION OF ROCKS IN THE 
GNOME SHAFT 

■Section measured in 1961 (preexplosion) by L. M. 
Card, Jr., and W. A. Mourant. Color designations are 
from the Rock-Color Chart (Goddard and others, 1948) 



TXkkm** 



DtMcrtptin (jt) 

Concrete collar. ......... 0.8 

Fill (caliclic materi^ used to 
BlabilizG area) .5 



Alluvial bolaon depoBita (Quater- 
nary): 

Hand, moderate-brown fSK/? 
4.5/5). imconflolidatca (dime 
eand^ ; made up of flne to 
medium flubrounded to well- 
rounded clear and dark- 
fltainod quarti fcrains; con- 
tainn some quarti crystaln 



with mibrounded face* 7.6 

Caliche, white, poorly indurat- 
ed; containn white calcium 
carbonate cementing sand 

like that described above 3.3 

Hand, moderate-brown (5F/f 



4.5/5). uneonsoUdated; mode 

up of fine to coarse sub- 

roundod to wcU-rounded 

clear and stained quarts 

ffains; aocnc auartz cryetalu 

have subroiin^d faces; 

contains some small grains of 

calcareous cementing nia- 

leried 30.8 



/VjiA (/n 

0.0 - 0.8 

.8- 1.3 



1 .3 - 8.9 



8.9 - 12.2 



12.2 > 43.0 



Total thicknetM of alluvial 
bolson deiKxiita ... 43.0 



> fW tb« foUowloi ubir 

Inm. 

Tin . 

mww.. 

Lc«l 

DIsnulh 

&s)t 

ZIno.-. 



MtUimi point («0 Boilint point (*C) 



1.S3S SyOOO 

ni.9 z.ro 

9fO 1.900 

377 L.C0 

ttl t.360^ 

Ml 1,4U 

419 907 



Dufoiption 


Tkicknooo 


IMptk (fi) 


una Formation (Plelatoccne(?))- 
Sandstone, moderate-brown 
(5F/f 4. .5/5), very fine 
grained to medium-grained 
with pebbles as large as 4 
mm, partly indurated; made 
up of subrounded to well- 
rounded clear and dark- 
stained quarti grains; has 
calcareous cement 


2.0 


43.0 - 


45.0 


Conglomerate, pale-red (10/? 
6/2). well-indurated; made 
up of 20 percent fine to 
medium sand, 50 percent 
coarse-grained sand, 30 
percent very fine to coarse 
pebbles of quartsite, lime- 
stone, siltstonc; has cal- 
careous cement 


1. 0 


45. 0 - 


46. 0 


Sandstone, as in 43-0-45.0 ft; 
contains thin lenses of con- 
glomerate as above...,, 


1.7 


46.0 - 


47.7 


Conglomerate, as in 4.5.0-46.0 
ft 


.5 


47.7 - 


48.2 


^Mindstone, as in 43.0-4.5.0 ft. . 


.4 


48.2 - 


48.6 


Conglomerate, as in 45.Q-46.0 

ft 


1.3 


48.6 - 


49.9 


Sandstone, as in 43.0-45.0 ft. . 


.6 


49.9 - 


.50.5 


Conglomerate, as in 45.0-46 0 
ft 


.4 


50,5 - 


50.9 


Sandstone, as in 43.0-45.0 ft; 
contains three lenses (each 
about 0.0.5 ft thick) of con- 
glomerate as in 45.0-46.0 
ft 


2.6 


.50.9 - 


53.5 


Conglomerate, as in 45.0-46.0 
ft 


. 5 


53.5 - 


.54. 1 


Sandstone, as in 43.0-45.0 ft.. 


.6 


.54. 1 - 


54. 7 


Conglomerate, as in 45.0-46.0 
ft 


. 1 


54. 7 - 


54. 8 


Sandstone, as in 43.0-45.0 ft. . 


.2 


.54.8 - 


55. 0 


Conglomerate, os In 45.0-46.0 
ft 


.5 


55. 0 - 


55.5 


Sandstone, as In 43.0-45.0 ft. . 


.3 


55- 5 - 


55. 8 


Conglomerate, as in 45.0-46.0 
ft 


2.4 


.55. H - 


58. 2 


Sandstone, as in 43.0-45.0 ft. . 


2.3 


58.2 - 


60. 5 


Conglomerate, as in 45.0-46.0 
ft 


.8 


60.6 - 


61. 3 


Sandstone, as in 43.0^45.0 ft.. 


2.3 


61. 3 - 


63.6 


Conglomerate, as In 45.0-46.0 
ft 




63. 6 - 


63.7 


Sandstone, as in 43.0-45.0 ft. _ 


1.8 


63. 7 - 


65.5 


Conglomerate, as in 45.0-46.0 
ft 


. 2 


65 .5 - 


65.7 


Sandstone, as in 43.0-45.0 ft.. 


.6 


6,5.7 - 


66. 3 


Conglomerate, as in 45.0-46.0 
ft 


1.8 


66 . 3 ' 


68. 1 


Sandstone, as in 43.0-45.0 ft. - 


. 7 


68. 1 - 


68. 8 


Conglomerate, as in 45.0 46.0 
ft 


.2 


68 .8 - 


69. 0 


Sandstone, us in 43.0-45.0 ft. . 


3. 1 


69.0 - 


72. 1 


Conidoroerale, as in 45.0 48.0 

ft 


. 1 


72. 1 - 


72.2 


Sandstone, as in 43.0-45.0 ft. . 


.6 


72.2 - 


72. 8 


Conglomerate, as in 45.0-46.0 

ft 


. 1 


72. 8 - 


72.9 


Sandstone, as in 43.0 45.0 ft. . 


.6 


72.9 - 


73.5 


Conglomerate, as in 45.0-46.0 
ft 


1.3 


73. - 


74. 8 


Sandstone, na in 43.0-45.0 ft. . 


.5 


74. 8 • 


75. 3 


Conglomerate, as in 45.0-46.0 
ft; contains rt'worked frag- 
ments of ri‘d and gray 
siltstone from Dewey Lake 
Uedb<‘ds . 


1.0 


75.3 - 


76. 3 
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Dtmlptin 

GatunA Formation (Pleiatooene 
(?))’— Continued 
Sandstone, as in 43.0-45.0 ft; 
contains reworked fragments 
of red and gray niltstono from 
Dewey Lake Redbeds...... 

Conglomerate, as in 45.0-*46.0 
ft; contains reworked frag- 
ments of red and gray 
sUtstone from Dewey Lake 

Redbeds ..... 

Clay, pale-reddishrbrown 
(10« 5/4), very hard, 
dense; contains interwoven 
black carbonaceous 

material 

Sandstone, as in 43.0-45.0 ft.. 

aay, as in 78.4-78.5 ft 

Sandstone, as in 43.0-45.0 ft.. 

Clay, as in 78.4-78.5 ft 

Sandstone, as in 43.0-45.0 ft.. 
Sandstone, as in 43.0-45.0 ft; 
contains many thin lenses of 
clay (about 0.01 ft. thick) as 

described in 78.4-78.5 ft 

Sand, palo>reddkb-browD 
(lOii 5/4), very fine pained 
to coarso-grained, sub- 
rounded to well-rounded, 
unconsolldatod; contains a 
few large yellow-groen 
quarts pebbles and clear and 
stained quarts grains, a few 
quarts cr^tals with sub- 
rounded faces, some small 
grains of calcareous cement- 
ing materisJ. and reworked 
fragments of Dewey Lake 
Redbeds...... 

Total thickness of Gatuna 
Formation ............ 

Unconformity. 

Dewey Lake Redbette (Upper 
Permian) : 

SUtstone, sandy, pale-reddbh- 
brown (lOff 5/4), weU- 
indurat^; contains light- 
grecnisb-gray (5(7F 8/1), 
reduction spots and fine 
sUt; calcito crystab and 
clusters dispened through- 
out rock; hiu calcareous 

cement........... 

SUtstone, as above except 
contains some clayey 

layers ..... 

C^y, pale>reddisb-brown (lOil 
5/4), very dense; contains 
inteispresed lUa<^ carbon 
spots, and sUtv streaks 
containing reduction spots.. 
SUtstone, as in 91.9-93.6 ft.... 
SUtstone, llght-greenisb-gray 
(5GY 8/1), fine-grained, 
well-indurated; contains 
ealcite crystals in clusters 
and interspersed throughout 
rock; has calcareous cement. 

SUtstone, as in 91.9-93.6 ft 

SUtstone, as above but darker 
and finer grained; contains 
lenses of white very fine 

grained sandstone 

SUtstone, as in 91.9-93.6 ft 

SUtstone, as in 91.9-93.6 ft. 
but contains thin wavy bands 
of gray sUtstone which extend 
around shaft.. .... 



TaietiMM 

(A) Depth (fO 



.4 


76.3 - 


76.7 


1.7 


76.7 - 


78.4 



. 1 


78.4 - 


78.5 


1.0 


78.5 - 


79-5 


. 1 


79.5 - 


79.6 


1.0 


79. 6 - 


80.6 


.06 


80.6 - 


80. 65 


.75 


80.65- 


81.4 


4. 1 


81.4 - 


85.5 



Duttiptbm (A) 

< Dewey Lake Redbeds (Upper 
I Permian) — Continued 

SUtstone, pale-reddish-brown 
ilOR 5/4), well-indurated, 

I mostly thin-bedded; con- 

I tains light-greenish-gray 

(5GY 8/1) reduction spots; 
calcitc crystals in clusters 
dispersed throughout rock 
ana fill joints; contains thin 
I bands of day or clayey ma- 

terial and black spots of 
manganese or oU(?) in joints 
and porous strata; has cal- 



careotis cement............ 10. 5 

SUtstone, same as above but 
contains thin lenses of sand- 
stone ............ 8.1 

SUtstone, as in 102.D-102.4 ft.. .4 

SUtstone, as in 122.6-130.7 ft; 
contains 0.5-ft-thick layers 
of sUtstone as in 102.0- 
102.4 ft 13.9 

SUtstone, same as ubo%'c; 
contains 1-mm-thick bands 
of sdenite crystals. ... 8. 0 



SUtstone, sandy, palo-reddkib- 
brown (lOK ^4), well- 
indurat^ to very friable; 
contains light-greenish-gray 
(5G> ^1) reduction spots 
and thin layers ; sand grains 
well rounded; has calcareous 
cement 16.0 



6.4 85. 5 - 91.9 



48.9 



1.7 


91.9 - 


93.6 


3.7 


93.6 - 


97.3 



. 1 


97.3 - 


97.4 


4.6 


97.4 - 


102.0 



.4 102.0 - 102.4 

3.6 102.4 - 106.0 

.7 106.0 - 106.7 

4.3 100.7 - 111.0 

1.1 111.0- U2.1 



SUtstone, as in 112.1-122.6 ft; 
jointing in interval 169-133 
ft, as follows: Strike N. 70” 
W., dip 75” N.; strike N. 20” 
W., dip approximateW 85” 

E.; bedding strikes n. 45* 

E., dips 4* NW; reduction 
spots in vertical sone 
tapering from 8 to 0 in.; 
apparently following frac- 
tures; from 175 to 178 
ft, some reduction spots 
1 ft in diameter; Joints at 
200 ft strike N. 30” W., 
dip 70* N£.; joints at 216 
ft strike N. 90* E., dip 
75* N.; calcite fills veins; 
joints at 278-284 ft strike 
N. 30” W., dip 50” N. to 
vertical 

Total thickness of Dewey 
Lake Redbeds......... 

Unconformity. 

Rustler Formation (Uppe-r 
Permian) : 

Forty-niner Member: 

Gypsum rock, white (S 9) to 
olive-gray (5F 5/1); crj-stals 
1-5 mm long; upper con- 
tact, with the Dewey Lake 
Redbeds at 294 ft, undulat- 
ing and marked by ^cen 
clay scam about 0.5 in. thick 
iin^rlain by gray clay layer 
about 0.06 in. thick between 
red beds and white gypsum ; 
gypsum grades into anhy- 
tlrite from 298 to 300 ft with 
no definite contact, cither 
lateraUy or vertically 



125.0 
202 . 1 



6.0 
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Depth (fO 



112 . 1 - 122.6 

122.6 - 130.7 

130.7- 131.1 

131.1- 145.0 

145.0 - 153.0 

163.0 - 169.0 



169.0 - 294.0 



294. 0 - 300. 0 
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Dtteriptkm 

Rustler Formation (Upper Per- 
mian) — Continued 
Forty-niner Member — Continued 
Anhydrite rock, oUve-jpay (5K 
5/1), massive, cryst^ine; 
contains some f^ypsum crys» 
tals; grades into gypsum 
above and below; white and 
pink fibrous gypsum and 
many fractures present at 
315 ft; slickensides present 

at 316 ft 

Gypsum rock, white (JV 9) to 
olive-gray (5F 5/1), massive, 
crystaiUne: contains white 
and pink fibrous gypsum at 
325 ft and white and gray 

bands throughout 

Siltstone, greenish-gray (5GF 
7/1); well-induratc<l; has 

calcareous eement., — 

Siltstone, sandy, palc-reddlsh- 
brown (10/? 5^4), well- 
indurated to friable; contains 
some brecclated layers, frag- 
ments of gypsum, and light- 
greenish-gray reduction 
spots ; has mostly calcareous 
cement; some clay lenses.... 

Gypsum, breccia, grayish-rod 
\\ok 4/2) well-indurated; 
contains 1- to 2-cm long 
fragments of clear, red, and 
gray gypsum and fragments 
of gray and red siltstone; 
has calcareous cement...... 

Gypsum rock, banded, pink- 
ish-gray (5YR 8/1) and pale- 
red (10^ 6/2), massive, 
crystalline; gradational with 
breccia above; red bands 
appear to be stylolitio ; some 
patches of anhydrite grade 
into gypsum in lower 10 ft; 
lower 6 ft has 1-cm-thick 
fibrous veins of white gyp- 
sum approximately parallel 
to the bedding and about 5 
cm apart; gypsum breccia 
at 359 ft.,: 



Tkie ksMt 



22.0 



6.5 

.2 



11.0 



1.0 



20.7 



Total thickness of Forty- 
niner Member.. 67.3 



Magenta Member: 

Dolomite rock, red-purple 
(magenta) i$HP hj2), 
massive; contains wlUte 
I-mm-thick hands of sel- 
enite about 1 cm apart and 
scattered crysliUs of selenite 
in dolomite; cement dolo- 
mitic or calcareous; has 
fractures 1-5 cm wide filled 

with selenite ... 6.8 

SUUlorte, light-brownish-grny 
(5YH 6/1) to moderate-rod 
(5F 5/4) ; layers of siltstone 
alternate with irregular 
bands of selenite; has 
dolomitic or calcareous 
cement; beds range from 
paper thin to 0.5 ft thick 3. 6 



Dtidk(f0 



300. 0 - 322. 0 



322. 0 - 328. 4 



Dmrtphm 

Rustier Formation (Upper Per- 
mian) — Continued 
M^cnta Member — Continued 
Dolomite rock, silty, gypsif- 
erous, pale-red (5/? 6/2) to 
light-gray (^ 7), thin- 
b^d^; contains 1-mm to 
1-cm-thick wavy bands of 
fibrous gypsum parallel to 
bedding; has wavy botry- 
oidal bedding in lower 6 
ft; joints strike N. 90* E., 
dip 84^ N., and strike N. 

10“ E.. dip 84“ W.; bedding 
strikes north, dips 7“ E; 
cluster black manga- 
neso(?) in red and colorless 
fibrous gypsum at 379 ft 



Tkkiawf 

(A) 



10.5 



328. 4 - 328. 6 



Total thickness of Magenta 

Member. ............. 20. 9 



328. 6 - 339. 6 



339. 6 - 340. 6 



340.6 - 361.3 



361. 3 - 368. 1 



368. 1 - 371.7 > 



Tamarisk Member: 

Anhydrite rock and g>'psum 
rock, pale-red (10/? 6/2) to 
light-olive-gray (5K 6/1); 
contains 1-cm-thick bands 
of fibrous gypsum parallel 
to bedding; anhydrite grades 
into gypsum; some small 
Irregular masses of g>'psiim 
throughout massive anhy- 
drite rock microcty’slalliiic ; 

1-cm. thick red clay layer at 
403.5 ft in iiOTth wall of 
shaft; joint sets at 410’416 
ft: strike N. 5* W., dip 75* 

W.; strike N. 25* E., dip 
55* 8E.; strike N. 90* E., 
dip 65* N.; strike N. 25* E., 
dip 55* NW.; joints 
cemented with selenite : 
joints at 432-43K ft strike 

N. 20* W. and dip 45* NE.. 66.3 
Clay, brownish-black {&YR 

2/1); plastic, slickonsided ; 
contains irregular fra;|ments 
of fibrous gypsum; thick- 
ness ranges from 0.01 to 

O. 2 ft; dips 36* N. in shaft; 
this layer is at 440.5 ft in 

south wall .1 

Anhydrite rock and gypsum 
rock, light-olive-gray (5F 
6/1) ; anhydrite and gypsum 
intergrade; maasive anhy- 
drite rock microcrystalline; 
contains large masses of 
fibrous and tabular gypsum; 
joint system strikes N. 55* 

B., dips 70* N.; fdda in 
gypsum at 472-477 ft; a few 
thin gray plastic clay scams 
in g)'psum at 477-4^ ft--.. 31. 4 

Clay, plastic, grayish-red 
(io/? 4/2); interbedded 
gypsum fragments and 
crystals; selenite veins fill 
joints and occur along 
bedding; some cemont grout 
in with selenite and clay; a 
few gray plastic clay seams 
at 484 ft; ground waiCT seeps 
through wall, that has no 
visible openings .... 5-0 






371.7 - 382.2 



:i82.2 - 44M.5 



448.5 - 448.6 



448. e - 480. 0 



480. 0 - 485. 0 
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Runtler Formation (Upper Per- 
mian) — ConUnuec 
Tamarisk Member — Continued 
Anhydrite rock and gypsum 
rock, licht^live-ipiky 
(5K 6/1), banded; 2-im-thick 
gray clay eeam at 489 ft; 
contains thin bands of 
selenite. .................. 



nirfciUM 



10. 5 



Total thickneas of 

Tamarisk Member..... 113.3 

Culebra Dolomite Member: 

Dolomite rock, dark-yellowish- 
brown (lOF/f 4/2), vcsictilar 
and Mi^fty, well-indurated; 
openings contain calcite 

crystals . 5 

l>olomite rock, ydlowish-gray 
(Sy 8/1), microcrystalline, 

Mghly fractured, few vugs, 
poorly indurated........... 3. 3 

Dolomite rock, yellowish-gray 
{6y 8/1), microcrystalline; 
ooniains brccciatra sones. 
some of which fill vertical 
fractures; breccia reeemented 
with pale-yellowish- brown 
(IOTA 6/2) dolomite, mostly 
well indurated; contains 
tones of vesicular or "worm- 
eaten" dolomite, some of 
which arc UghJy fractured; 
cement and chemical grout 
fill some openings; most 
vesicles spncric^ and range 
in diameter from a pinhe^ 
to about 1 inch; most open- 
ings not interconnected; 
some massive tones do not 



contain any openings 24. 2 

Total thickness of 
Culebra Dolomite 
Member--.-----...- 28. 0 



Low’cr member: 

RitUtone, medium-dark-gray 
(A' 4)j clavey, semiplastic; 
contains dolomite fragments 

from overiying unit-. 1.7 

Clay, grayisHrred (10ft 4/2), 
very plMtic; contains frag- 
ments and large breccia 
blocks from overlying units 
and grout; gypsum frag- 
ments mixed through the 
clay, and this mixture fills 
many openings In the 
dolomite; selenite band 0.5 

in. thick at 627-530 ft 9. 3 

Gypsum rock and anhydrite 
rock, light-olive-gray (SV 
crystalline, ma^ve; 
contains a few ^ty layers; 
some platy gypsum; beds 
strike N. 60“ E,, dip 16“ 

NW.; joints strike N. 30“ 

W., dip 86“ 8. at 541 ft; 
gray clay on south wall at 
547 ft; beds strike N. 45* E., 
dip 10“ NW. at 541-.549 ft.. 13. I 



DepiK (/I) 



485. 0 - 495. 5 



49.5. 6 - 496. 0 I 
49& 0 - 409. 3 



I 



499. 3 - 523. 5 



523. 5 - 525. 2 

i 



525 2 - 534. 5 



D«$aiption 

Rust'er Formation (Upper Per- 
mian) — Continued 
Lower member — Continued 
Claystone, grayish-red (10ft 
4/2) and light-gray (N 7), 
plastic; contains ^temating 
layers of red and may and 
g>'psum bands and g>*psum 
nodules; gray claystone very 
plastic and in irregular 
bands in red claystone; has 
some reduction xones; clay- 
stone absorbs water readily. 
Gypsum rock and anhydrite 
rock, as in 534.5-547.6 ft... 
Claystone, silty, moderate- 
reddish-brown (10ft 4/6), 
poorly indurated; contact 

irregular, dips N>V 

SUtstone, clayey, sandy, 
graytsh-rcd (10ft 4/2); con- 
tains alternate ducontinuous 
hands of light-olivc-gray 
(5F 6/1) gypsum; sUtstone 
contains sm^i selenite 
cry’s lals and blebs of gyp- 
sum; no jointing obvious, 
bedding di)« about 10“ NW.; 
lens of gypsum and an- 
hydrite 4 ft long and 1 ft 
thick at 564 ft in northwi'st 

wall - 

Gypsum rock, oUve-grav (5F 
4/1), massive, cryslailine, 
banded; beds dip about 10“- 
15“ NW^ In most of shaft 
but dip as much os 42" NW. 

in northwest wall.. 

SUtstone, clayey, dark-reddish- 
brown (10ft 3/4) and 
grccnish-gray (^Y 5/1), 
laminated, noncaicareous; 
contains alternating layers of 
brown and gray; unconsoli- 
dau*d except for some portly 
consolidated lenses about 
0./$ ft thick; more plastic 
from 577 to 579 ft; bedding 
dips northwest; sides of 

shaft spall off--.- 

Rilutone, clayey, sandy, olive- 
gray (5F 5/1), very fine 
grained, pooriy indurated, 
friable; contains blebs of 
gypsum crystals; shows 
crcnulntcd wavy bedding, 
tends to spoil ufT wall In 
some lones; a few* zones 
fairly wri) indurated; rock 
predominantly angular to 
subroimded sUt-size quartz 
but contains about 1 iK'rmit 
mafic minerals; rock dis- 
uggreguU'S with efferv’esconce 
in dUute llCl; bottom 2 ft 
of this unit fairly well 
indurated 



T\tck»m$ 

(fi) 



11.5 

3.9 

3.0 



6 . 0 



20.0 



59.2 



534. 5 - .547. 6 



Total thickneas of lower 

incmlKT. 127.7 

Total thickneas of Rustler 

Fortnatioit. 357.2 
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547. 6 - 559. 1 
559. I - 563. 0 

563. 0 - 565. 0 

565.0 - 571.0 

571.0 - 572.0 

572. 0 - 592. 0 



592. 0 - 651. 2 
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Duaiption 

Salado Formation (Upper Permian): 
Contact with Hustler Forma- 
tion unconformablc and very 
irregular. Top of Salado at * 
647.5 ft at southeast wall of 
shaft and at C60.0 ft at west 
wall of shaft. 

Claystonc breccia, grayish-red 
(lOff 4/2 to 5/2); contains 
angular and subrounded frag- 
ments and blocks of gray 
sUtstone, gypsum, and poly- 
halite ranging from sana sixe 
to 3 ft; contains discontin- 
uous beds of gypsum and 
veins of fibrous gypsum; has 
soncs of plastic red clay at 
680-664 ft that taste saltv. . . 
Claystone, medium-gray (<V 5). 

f ilastie; contains abundant 
ragments and veins of color- 
less crystalline gypsum or 

selenite 

Polyhalite rock, dark-reddfeh- 
brown (10^ 3/4), crystalline, 
massive, platy; strikes N. 5fr 

E.. dip 18" NW 

SUtstone, clayey, sandy, gray- 
ish-red (10ft 4/2), calcareous; 
contains fragments of color- 
less crystalline gypsum...... 

Claystone, plastic, poorly In- 
durated; consists of very thin 
bands of dark-gray and gray- 
ish-red claystone containing 
veins and fragments of color- 
less crystalline gj'psum 

SUtstone, clayey, grayish-red 
(10ft 5/2), calcareous; con- 
tains sm^l amount of tiny 
fragments of clear gypsum 
and fragments of polyhalitc.. 
Gypsum rock, very pale orange 
(lOFft 8/2) to light-brown 
(5Fft 6/4), moasivc, micro- 
crystalline; shows irregular 
stains of light-brown clay... 
AnbydrUc rock, olivo-gray (5F 
5/1), microcrystalline, mas- 
sive 

Claystone, medium-dark-gray 
(iV 4), plastic; contains poorly 
Indurated blocks of anhy- 
drite.................. 

Anhydrite rock, olive-gray (5F 
4/1), massive microcrystal- 
line; shows conchoidal frac- 
ture; b<>dding dips 6* NW. . 
Claj'stone, light-gray (iV 7), 
banded, well-indurated; proh^ 
ably alteration product of 
anhydrite above; mterbedded 
with halite below. ......... 

Halite rock, colorless to white; 
contains small blebs of modcr- 
ate-reddish-orange (10ft 6/7) 
halite and less than 1 percent 

gray clay.. 

Halite rock, colorle«? to white; 
contains less than 1 percent 
small blebs of moderatesred 

(5ft 4/6) day 

Claystone, paie-reddish-brown 
(10ft 5/4) and light-gray (,V 
7); dips west at less than 1“; 
contains about 25 percent 
halite 



TlkHun 

(/T) Depa <>r> 



36. 0 651. 2 - 687. 2 

. 4 687. 2 - 687. 6 

. 0 687. 6 - 688. 5 

. 3 688, 5 - 68a 8 

. 4 68K 8 - 689. 2 

4. 3 680. 2 - 693. 5 

. 5 693. 5 - 694. 0 

1*2. 0 694. 0 - 706. 0 

2.0 706. 0 - 708. 0 

I. 2 70a 0 - 709. 2 

.1 709. 2 - 709. 3 

I. 7 709. 3 - 711. 0 

4.5 711.0- 715.5 

. 5 715. 5 - 716. 0 



I 

I 



I 



I 



I 

I 
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Salado Formation (Upper Permian) — 
Continued 

Halite rock; contains about 50 
percent dark-reddish-brown 

(10ft 3/4) clay 

Halite rock; contains about 10 
percent medium-light-gray 

(.V 6) clay, 

Halite rock, colorless to white.. 
Halite rock; contains about 5 
percent medium-light-gray 
(.V 6) clay; has irregular ^nd 
of dark-reddish-brown (10ft 
3/4) clay at top w'hich ranges 
from 0 to 1 ft thick ... — . . 
Claystone, plastic, dark-reddish- 
brown (10ft 4/4) and me- 
dium-gray (*V 5) • - - - - 

Halite rock, colorless; con- 
tains atiout 5 perci'nt in«v 

dium-gray (.V 5) clay 

Halite rock, colorless; contains 
blol)s and spots of reddish- 
orange (10ft 6/7) halite; con- 
tains less than 2 percent me- 
dium-gray (AF 5) rJay....... 

ClavBtone, medium-dark-gray 
(A* 4) ; irregular in thicknecs. 
Halite, C(dorlcss to white; con- 
tains some blebs of reddish- 
orange halite; thin discon- 
tinuous clay layer in lower 1 
ft; day content less than 1 

percent 

PoiyholiM rock, orange 

Halite rock, reddish-orange (10- 
ft 6/7) to transparent white; 
at 742.6 ft contains 1.2-ft- 
thick reddtsh-hrown clay lay- 
er 

Halite rock, 5-10 percent red- 
dish-brown clay; upper 2 ft 
contains 50 percent brown 
clay ; unit contains several thin 
disconlimious clay fwams and 
stringers and blebs of moder- 
ate-reddish-orange (10ft 5/6) 

polyhalitc 

Halite rock; contains medium- 
gray clay hand 0.1 ft thick at 
762.0 and dark-reddish- 
}>rown clay band 0.3 ft thick 
at 763.3 ft; above gray clay 
band is a douMe band of 
polyhalite separated by trans- 
parent colorWs halite 0.2 ft 

thick (marker hori*<m(7)) 

Halite rock, transparent color- 
less; contains three liands of 
thin iiiodernte-orimge-pink 

(lOft 7/4) polyhaliu* 

Halite rock, colwlesw transpar- 
ent to white; cemtains blebs 
of moderate-orange-pink ha- 
lite — - 

PdyhttlUe rock, moderate-or- 
luige-pink (lOft 7/4); con- 
tains 0.2-in.-thiek Ixmd of 

iialiti' in middle 

Halite rock, whiU*; contains less 
than 1 percirnl moderal^^gray 
cluv; some polyhalitc iilebs 
and strlngiTS scoltered 

thronghout lower half.. 

Claystone, dark-reddish-brown 
(iOft 3/4), pla.stio; contains 
scattered crystals of halite; 
U.^in.-thiek gray layer at top 
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9.7 731.5- 741.2 

.7 741.2- 741.9 

6.0 741.9 - 747.9 

13.1 747.9- 761.0 

5.0 761.0 - 766.0 

.9 766.0 - 766.9 

2.3 766.9 - 709.2 

.3 769.2 - 769. .I 

4.1 769.5- 773.6 

1.2 773.6 - 774,8 
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SaUdo FOTmation (Upper I^nnlan) — 
Continued 

Halite rock; contains about 20 
percent dark-reddish-brown 
clay; grades into overlying 
unit; irregular and discontinu- 
ous polyEalite band at 776.6 ft 
that averages 0.2 ft thick .... 
Claystonc, dark-reddish-brown 
(10/7 3/4); dips leas than 

NW 

Halite rock; contains about 35 
percent dark-reddish-brown 
clay in blebs and discontin- 
uous bands; contains about 
2 percent poly halite in blebs. 
Polvhalite rock about 0.1 ft 
thick overlying 0.1 ft of gray 

anhydrite rock 

Halite rock; contains about 
10-20 percent poly halite in 
blebs and stringers and about 

5 percent gray clay 

Polyhalite rock; moderato- 
orango-plnk (lOiS 7,4); con- 
tains 1-mm-thick discontinu- 
ous dark-gray clay band in 

middle... 

Clavstone, medium-light-gray 
(.V 6); contains about 20 

percent halite 

H^ite rock, modenue-reddisb- 
orango (lOA 6 6); contains 
about 20 percent gray clay.. 
Claystone, oark -reddish-brown; 
contains about 50 percent 

halite 

Halite rock; upper 5 ft contains 
about 1 0-20 percent gray clay 
in blebs; lower 6 ft contains 
about 2 percent polyhalite in 
discontinuous stringers and 

blebs ........... .... 

Halite rock; contidns about 20 
percent polyhalitc in blebs, 
stringers, and irregular 

masses 

Cla^tone, medium-dark-gray 
(.V 4) to medium-light-gray {S' 
6) ; contains about 25 percent 

h^te 

Claystone, same as next higher 
unit but contains about 10 

percent polyhalite 

Anhvdritc rock, yellowish-gray 
(5r 8/1), landed, vuggy; 
contains about 5 percent 
halite; some polyhalite blebs 

at top 

Anhydrite rock, banded with 
gypsum and halite; gypsum 
and halite arc dusky ydlow 
(Sy 6/4); anhydrite is light 
gray (iV 7) ; in'other walls of 
shaft, more than 1 ft of poly- 
halite underlies this uni^ but 
it pinches out and is absent 

from north wall .... 

Claystone, medium-gray {N 5), 

Muitc rock, transparent, color- 
less; contains alwut 5 percent 
gray clay in blebs and about 
2 percent poly halite........ 

Anhydrite rock, light-gray 

Ilidite rock; contains atout 20 
percent polyhalitc that oc- 
curs in duoontinuous hands. 
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DaeriplkM 

Solado Formation (Upper Pennian) — 
Continued 

Anhydrite rock, very light gray 
{N 8); banded upper foot 
oontaina some haute and 
polyhalitc in discontinuous 

bands 0.8 ft thick 

Halite rock, colorless to white; 
contains about 1 percent 
polyhalite in blebs and one 
band of anhydrite 1 in. 

thick..... 

Anhydrite rock, very light gray 

{N 8), microcryslallinc 

Hs^te rock; contains a 1-mm- 
thick band of anhydrite and 
more than 1 percent gray clay 

in blebs ................ 

Anhydrite rock, very light gray 
(n 8), laminated; at 839.1^ 
838.4 ft, contains breccia 
layer consisting of anhydrite 
fragments in <uay matrix; at 
839.8-840.1 ft, contains band 
of moderate-orange-pink 
(lOA 7/4) to white halite; 
basal 0.3 ft oontaina gray clay 

and orange-pink halite 

Halite, rock transparent, color- 
less ;contains about 1 percent 
gray day Uebs............ 

Claystone, medium-dark-gray 
(Jv 4) ; contains 2-mm-thiok 
discontinuous bands of 

halite 

Halite rock, transparent, color- 
less to m<^erato-orango-pink ; 
contains about 20 percent 
medium-gray {N 5) and 
dark-reddish-brown (lOH 
3/4) day in blebs and 5 per- 
cent moderate-orango-pink 

{lOR 7/4) polyhalitc 

Halite rook, transparent, color- 
less to white; contains about 
5 percent polyhalitc In 

blebs 

Halite rock; contains about 
30-50 percent dark-reddish- 

iMuwn {\0R 3/4) day 

Halite rock, transparent, color- 
less to white; contains about 
10 percent greenish-gray 
{5(rY 6/1) clay in blebs and 

1 percent polyhalite in blebs. 
Halite rock, transparent, color- 
less to white; contains about 

2 percent m<^ium-gray 

{N 5) day and less than 1 
percent polyhalitc, both in 
blebs; separated from over- 
lying unit by distinct change 
in amount of day 

Halite rock, white; contains 
about 5 percent medium- 
gray {N 5) clay and about 1 
percent pdyhditc in blebs; 
drill holes in sump at 874 ft 

have gas bubbling up 

Polyhalite rock, moderate- 
reddish-omnge (lOA 6/6); 
contains about 25 percent 

halite 

Claystone, light-gray (S 7) ; 
contains about 50 percent 

halite 

Claystone, dark-reddish-broam 
(10/? 3/4); contains about 
25 percent halite.. ...... — 
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B*Udo Formation (Upper Per* 
miitn) — Continued 

Hidite rock, colorless to orange; 
cont&tna about 40 percent 
elav, both gra^^h red (lOA 
4/2) and greenish gray (5GV 
6/1), and about 5 percent 

p^yhjalite in blebs. 

Polybalitc rock, moderate- 
radish-orange (10/f 6/6).... 
Halite rock, white to moderate- 
orange; upper foot contains 
about 5 percent light-gray 
(N 7) clay; remainder con- 
tains less than t percent 
day; a discontinuous pdy- 
halite bed at 895.5 ft aver- 
ages 2 in. thick 

Polyhalitc rock, grayish* 

orange>pink (lOR 8/2).. 

Halite rock, white; contains 
about 10 percent medium- 

gray (N 6) clay 

Halite rock, moderate-reddish- 
orangG (lOA 6/6); contains 
1 percent polyhalitc i/i blebs 

near base..... 

Halite rock, OKNlmt^redclish- 
orangG (10/? 6/6); contains 
about 25 percent medium- 
gray (N 5) day in bands; 
has 2-in.-thiek band of dark- 
reddish-brown (10/? 3/4) clay 
at base 

Halite rock, transparent, odor- 
less; contains about 30 per- 
eent dark-reddish-brown 

(10/f 3/4) clay 

Halite rock, white; contains 
about 10 percent greenish- 
gray (bOr 6/1) clay in blebs 
snd bands; contaiiu about 1 
percent polyhalitc in blebs. . 
Hditc rock, dear; contains 
about 25 percent medium- 
light-gray (A’ 6) day....... 

Halite rock, transparent, color- 
less to mudcrule-orangc-pink 
(10/? 7/4); contains discon- 
tinuous l-in.-tfaick bands of 

polyhalitc 

Polyhalilc rock, moderate- 
radish-orange (10/? 6/6); 
contains irregular diseon- 
tinuoiifl bands of trani^ 

parent, eolorh«s halite 

Claystone, medium-light-gray 
(.V 6); thickness ranges from 

featheredgf to 0.2 ft 

Halite rock; contains about 2 
percent gray clay and about 
1 percent polyhdite in 

blol)s 

Halite rock; contains about 20 
|)ercent of both gray and 
, reddish-brown clay and 

alM>ut 10 percent polyhalite: 
0.2-ft-thick l>ed of polyhalite 

present at 020 ft . . . 

Huitc rock; contains about 5 
IJcrcenl gray clay in blebs 
and about 2 iH'^rcnit 

)M)ly halite in blebs 

Hdite rock; contains about 10 
p«*reent polyhalite in blebs 
and bands; Imtlorn 1 foot 
contains uIkmiI 50 )M-rrent 
|K>lyhalite in ultmialirig 
liaiids with halite .. 
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Salado Formation (Upper Per- 
mian) — Continue 

CHaystone. dark-reddish- 
brown (10/? 3/4); contains 

about 40 |>ercent halite 

Halite rock ; contains about 10 
percent medium-gray (iV 5) 
clay and about 5 percent 
polyhalite in bielM and dis- 
continuous layers 

Polyhalite rock in layers 0.1- 
0.3 ft thick alternating with 

halite 

Halite rock, white; contains 
less than I percent 

polyhalite in bleb* 

finite rock, moderate-reddish- 
orange (10^ 6/6); ap|)cars 
to be layered in about 0.5- 
ft-thiek layers owing to 
variations in color; contains 
thin (1 ram) bands of white 
opaque halite; iK-comcs 

darker orange near base 

Polyhalite rock; lower half 
contains thin (2 mm) bands 

of clay 

Halite rock; contains about I 
permit polyhalite in blebs; 
contains about 5 percent 
gray clay from 960 to 960.7 

ft 

Clavsteme, m^lun-dMk-aity 
(A' 4); eon taint about w 

percent halite 

Claystone, durk-reddisli-brown 
(10/? 3/4); contains al>out 50 

)>eroent h^ite 

H^ite rock; contains about 
percent dark-reddish-brow'n 
(10/? 3/4) clay and about 5 
percent polyhalite in blebs. . 
Halib' rock; contains about 25 

pcToent polyhalite 

Anhydrite rock, yoUowish-gniy 
(5K 8/1), dense, fine- 
grained; contains crvstalline 
grayish-orange (lOV/? 7/4) 

anhydrite 

Halite rock, transpanmt, 
colorless to white; contains 
0.1- to 0.2-fuihick Iiands of 
polyhalitc seramted by 0.2- 
to 1-ft-thick Wert of 

halite 

Polyhalitc rock, modcrate- 
reddish-orangr (lU/? 6/6) . . . 
.\nhydrito rock, ycUowish-gmy 
(5F 8/1), banaod in 0.5-in.- 

thick lay era 

Halite rock, colorless to white; 
contains about 10-20 per- 
cent polyhalite in blebs and 
thin layers, and about 2 per- 
cent gray day in blebs; 
0.2-ft-tmck discontinuous 
layer of polyhalite 

present at 981.5 ft 

H^ite rock; contains about 10 
percent medium-dark-gray 
(A’ 4) clay and 1 percent 
polyhalite; has O.^ft-thick 
bod of medium-dark-gray 

day at liase 

Halite rock; contains about 50 
percent diirk-reddiah-brown 

(10/? 4.’6) clay 

Hulilo rock ; contains thin Inuids 
of polyhalite. 



I>rpth(f0 



1.5 


931. 5 - 


933.0 


10.2 


933. 0 • 


943.2 


1. 8 


943. 2 - 


945.0 


2.5 


945. 0 - 


‘>47.5 



8.0 


047. 5 - 


955.5 


1.0 


955. 5 - 


936.5 


2.5 


956. 5 - 


959. 0 


1.0 


959. 0 - 


960. 0 


3.0 


960. 0 - 


963. 0 


1.0 


963. 0 - 


964. 0 


1.5 


‘>64.0 - 


965.3 


1.3 


965. 0 - 


967.0 


5.7 


967.0 - 


972. 7 


.4 


972.7 - 


973. 1 


.9 


973. 1 - 


974- 0 



11.2 


974. 0 - 


985. 2 


1. 4 


983. 2 - 


986. 6 


8 4 


986. 6 - 


990. 0 


2. 8 


i»90. 0 - 


992. 8 



Digitized by Google 




DETAILED DESCRIPTION OF ROCKS IN THE GNOME SHAFT 



PawTfydwi 

S&lado FormAtion (Upper Per- 
miao' — CTontinued 

Polyhalite rock, moderate-red 

ihR 5/4) 

Halite rock, transparent^ color> 
leas; contains alx)ut 10-15 
percent Rreeniab-gray (5G 
6/1) day in irrefcular lavers 
and about 2 percent poly- 
halite in blebs; halite 
coarsely crystalline, occur- 
ring as 1-in. cryalala....... 

Halite rock, white to ooloriees, 
transparent; contains leas 
than 1 percent poiyhalite in 

thin irregular streaks 

Poiyhalite rock, grayish-orange- 
pink ( PR 7/2), banded; 
irom 1,003 to 1,004 ft con- 
sists mainly of poiyhalite 
and halite with some an- 
hydrite bands; anhydrite is 
microcrystallino and spalls 
and shatters when struck. 
One joint set strikes N. SO* 
E., dips 65* NW.; another 
act la normal to thte; joints 

spaced about 0.5 ft apart 

Anhydrite rock, light-olive- 
gray (5K 6/1), banded In 
V«-in. -thick bauds; banAl 0.5 
ft contains medium-gray 

clay (A/ 5) and gypsum 

Hsilte rock, transparent, color- 
less to modcrate-rcddlsh- 
orange; contains about 2 
percent poiyhalite in blebs.. 
Poiyhalite rock, palc-rcddish- 
brown (lOif 5/4); contains 
several thin gray clay 
seams . 
Halite rock, medium-Ught- 
gray (AT 6) ; contains about 

10 percent clay.. 

Halite rock; in alternating 
white and palo-ycUowisV 
orange (lOri? 8/6) bands 

0.2-0.3 ft thick 

H^ite rock; alternates with 
irregular bands of silty dark- 
reddish-brown (I OR 3/4) 
clay; contains about 50 
percent clay; contains 2 
percent poiyhalite in blebs 

near top of unit,.. 

SUtstone, clavey, pale-rcddiah- 
brown (iOfe 5/4); contains 
light-gray (N 7) clav Webs. 
(With subjacent unit is 
Vaca Trislc Sandstone 
Member of Adams (1944).) . 
Slltatonc, clayey, pale-reddish- 
brown (lOR o/4); con- 
tains alwut 50 percent 

halite ........ 

Halite rock; top 3 ft contains 
about 40 percent dark- 
reddish-brown (lOR 3/4) 
clay; basal 2 ft contains 
^KKit 5 percent i>olyhalite 

in blebs and stringers 

Halite rock ; contains about 20 
|>ercont light-grav (A' 7) 

clay 

Halite rock, transparent, color- 
!«•*»; contains about U) ^H•r- 
cent {xdyhalite in irregular 
layers and blebs 
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992 8 - 902. 9 



992 9 >1, 000. 5 



1, OOa 5 -I, 003. 0 



1, 003.0 -1,007.0 



1. 007. 0 -I, 009. 2 



1, 009. 2 -1, 012. 3 



1,012 3 -1,014.0 
1, 014. 0 -1, 014. 9 



1,014. 9 -1, 020. 8 



1, 02a 8 -1. 024. 3 



1. 024. 3 >1, 026. 3 



1, 026. 3 -1, 029. 0 



1,029.0 -1,034.7 



1. (KM. 7 -1,036. 1 



1.035. 1 -1, fKlO. 5 



PwerfpUoii 

Salado Formation (Upper Per- 
mian) — 0>ntinui^ 

Halite rock; contains about 10 
percent light-gray (AT 7) 
clay in irregular thin bands 

and blebs 

Halite rock, transparent, color- 
less; contains al^ut 5 per- 
cent poiyhalite in irregular 
horizontal stringers and 
blebs; contains 1-em-thiek 
band of light-gray {N 7) 

clay at 1,043.3 ft 

Claystonc, light-gray (AT 7) ; 
contains about .50 percent 
halite; has 0.1-ft-thlck layer 
of dark-reddish-brown 

(lOR 3/4) clay at base 

Halite rock, white to colorless, 
transparent; contains about 
10 percent poiyhalite in 
blebs; irregular clayey zone 
present at 1,057 ft; interval 
1.053-1,057 ft contains 
abmit 2 percent poiyhalite 
in discontinuous layers; 
irregular band of gray clay 
at base averages 0.05 ft 

thick 

Claystone, dark-reddUh-brown 
(lOR 3/4) ; contains about 
30-4t0 percent halite; dis- 
continuous gray clay layers 
at top 

Halite rock, white to colorless; 
contains about 1 percent 
poiyhalite in blebs and thin 
bands and about 10-20 per- 
cent of both red and gray 
elay in Irregular bands and 
disMminat4^ blebs; layer at 
1,061-1,063 ft contains 
about 40 percent clay; unit 
contains gas under prensure. 
Poiyhalite rock ; underlain by 
0.5 in. light-gray (N 7) 

clay 

Halite rock; contains about 5 
percent ix>lyhalUe In string- 
ers and Dlrbs 

Claystone, pale-red (lOR 6/2); 
lop 0.2 ft light-gray (N 7) 
clay; unit contains about 5 
percent halite; gas present 

In this unit 

Halite rock, white to colorless; 
contains less than 1 percent 
poiyhalite in blelw and less 
than 1 percent red clay in 

blebs 

Halite rock, transparent, color- 
less; contains about 5 per- 
cent polyhaliU‘ In irregular 
diMOntinuous bands; con- 
tains a few 2-mm-thick 
layers of brown eUv at 

1,078-1,083.4 ft 

Halite rock; contains alK»ut 25 
percent ntedium-light-gray 

(iV 6) clay.. 

Htdite rock: contains about 40 
percent pale-nKidish-brown 
(lOR 5/4) clay; basal contact 

irregular 

Halite rock; contains about 10 
pi*r«‘nt poiyhaliK* in irregu- 
lar horizontal l>and» al>out I 
in. thick; upper part of unit 
cotitainH vertical stringers of 
inedinm-gray (A' 5) clay.- . 
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1,039.6 -1,040.5 

I. 040. 5 -I, 044. 5 

1.044.5 -1.046.6 

1.046.6 -1,057.0 
1,057. 0 -1.059.0 

1.059.0 -1. 064.3 

1.064.3 -I. 064.5 

1.064.5 -1.067.3 

1.067.3 -1,071.0 
1. 071.0 -1,074.5 

1.074.5 -i,oh;i.5 

1.083.5 -1,084.4 

1.084.4 -1,089.0 

1.089.0 -l.OtW.O 
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GEOLOGIC STUDIES, PROJECT GNOME, NEW MEXICO 



De$etfption 

Salado Forrnation ^Upper Per- 
mian — Continued 

Polyhalit« rock; upper half 
contains about 10 percent 

halite in blebe 

P<4vhalitc rock, banded; 0.2-ft- 
thick medium-Kray 5) 

clay layer at biie 

Halite rock, colorlese to white; 
c<mtains less than 1 percent 
polyhalite in blebe and leas 
than 1 percent fpray dav in 

blebfl ...... 1 

Halite rock; contains about 
30-50 percent pale-reddish- 
brown (10/; 6/4) day, and 
contains about 1 percent 
polyhalite in blebs near top; 
clay in top and bottom 1 

fool is gray 

Halite rock, colorless to white; 
contains 10-20 percent 
strin^erB and blebs of poly- 
halite; 0.1-ft-thlck layer of 
polyhalito underlain by 
O.O^ft-thick layer of gray 

clay at base 

Halite rock; contains about 25 
percent medium-light-gray 
(A' 6) clay in upper part; 
basal 2 ft contains no clay.. 
Anhydrite rock; in alternating 
grayish-orange (lOPA 7/4) 
and very light gray (AT 8) 
bands; contains scattered 
blebs and lenses of polyhalite 
and halite; 0.2-ft-thick gray 
day layer at base.......... 

Halite rock, colorless to 
moderate-reddish-orange 
(lOff 6/6) i contains a band of 
graylsh-OTange-pink 
7/2) anhydrite from 1, 125.5 
to 1, 125.8 ft; contains gas. . 
Polyhalite rock, banded, gray- 
ish-orange-pink (6P/2 7/2); 
0.05 ft of gray clay at base.. 
Halite rock, in alternating 
white and moderate-reddish- 
orange (lOA 6/6) bands; con- 
tains discontinuous clayey 

sones near top and base 

CHaystone, grayish-red (lOA 
4/2); contains about 30 per- 
cent halite; 0.05-ft-thick 
layer of gray day at top; 
contains irregular bands of 
polyhalite and halite in In- 
terval 1,131.2-1,131.8 ft 

Halite rock; contains about 50 
percent polyhalite and about 

10 percent gray day 

Claystone, greenish-grmy 
(MV 6/1); contains about 
50 percent halite, and inclu- 
sions of grayish-red (10/2 
4/2) clay; lower contact 

gradational 

Halite rock, transparent color- 
less; contains vaguely de- 
fined bands of moderate- 
reddish-orange (lO/f 6/5) 
halite and 2- to 4-mm-thiek 
bands of anhydrite in the 
lower half 
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1-0 1,096.0 -1,097.0 I 

1.6 1,097.0 -1,098.6 | 

11.7 1,098.6 -I, 110.3 I 



6.2 1,110.3-1,115.3 



1.9 I, 115.5 -1. 117.4 I 

I 

2.9 1, 117.4 -1. 120.3 ' 



3.9 1,120.3 -1,124.2 



3.1 1, 124.2 -1. 127.3 j 

I 

.5 1, 127.3 -1, 127.8 j 



3.0 1,127.8 -1,130.8 



4.0 1.130.8 -1,134.8 



Dt$erfpthm 

Salado Formation (Upper Per- 
mian — Ck>ntinued 

Polyhalite rock, moderate- 
r^dish-brown (lOA 4/6); 
contains sex'eral plastic 
medium-gray (A/ 5) clay 
la vers 2-5 mm thick; con- 
tains lenses of halite. 
(Marker bed 
Clavstone, medium-gray 
(Jv 5); irregular in tbiek- 



TUatimi 






1. 0 1, 156. 0 -1, 157. 0 



neas .7 1, 157.0 -1,157.7 

Halite rock, moderate-reddish- 



orange (10/2 6/5); contains 
about 10 percent polyhalite 
in blebs, and about 5 per- 
cent gray day in layeia..... 


23 


1. 157. 7 -1. 160. 0 


Daystone, medium-giay 
(V 5} ; contains about 30-50 
percent halite and about 2 
percent polyhalite near 
base 


8.0 


1, 160.0 -1. 168 0 


Halite rock, transparent, color- 
less; contains about 2 per- 
cent gray clay In blebs and 
2 percent polyhalite in blebs; 
at 1,170 ft is moderate red- 
dish orange (10/2 6/6) ...... 


8.5 


1. 168. 0 -1, 176. 5 


Poly halite rock; cemtains dis- 
continuous lenses of halite; 
grades into overiying unit- 
(Marker bed 120) 


1. 5 


1, 176. 3 -1. 178. 0 


Halite rock, moderate-reddish- 
orange (10ft 6/6). 


.7 


1, 178.0 -1, 178.7 


Halite rock; contains about 25 
percent gray day; top 0.2 ft 
IS medium-gray (Af 5) day 
layer 


.7 


1. 178.7 -1. 179.4 


Halite rock, banded white and 
mode rate-red dish-orange 
(10ft 6/6); contains about 6 
percent polyhalito in blebs 
and lenses 


4.6 


1, 179.4 -1. 184. 0 


Halite rock; contains about 
2 percent polyhalite in blebs 
and 2 percent gray day in 
blebe 


1.0 


1, 184.0 -1. 185.0 



Halite rock, colorlces; contains 
about 21^30 percent clay 
both reddish brown and gray 
in blebe; grades downward 



into \inderlying unit.... ... . 

Halite rock; contains about 


6.0 


1, 185.0 -1. 191.0 


10 percent pdyhalite in 
blebe 


2.7 


1. 191.0 -1. 193.7 


Polyhalito rock; 0.1-ft-thick 






bed of gray day at base. 
(Marker bed 121) 


.9 


1, 193.7 -1. 194.6 


Hsiite rock; contains about 






2 percent gray day and 2 
percent polyhalite in blebs.. 


7.4 


1, 194.6 -1,202.0 



1.0 1, 134.8 -1,135.8 



Total partial thickness of 

Salado KOTmation 550.8 



Bottom of shaft. 
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A DESCRIPTIVE CATALOG OF SELECTED AERIAL PHOTOGRAPHS OF GEOLOGIC FEATURES 

IN THE UNITED STATES 



Assembled by Chakles S. Denny, Chables R. Warren, Donald H. Dow, and William J. Dale 



INTBODDCTION 

The U.S. Geological Survey has selected and as- 
sembled sets of photographs that illustrate numerous 
types of geologic features in the United States. This 
catalog lists these special sets of photographs that are 
available for purchase and describes the features 
illustrated. One reduced photograph from each set is 
shown on the back pages of this catalog to assist the 
purchaser in his selection. 

Full-sized 9- by 9-inch contact prints may be in- 
spected at the Map Information Office of the Geological 
Survey in Room 1214 of the General Services Adminis- 
tratiozi building, F Street between 18th and 19th 
Streets, NW., Washington, D.C. 

The 867 photographs in these sets were selected 
from those submitted by Survey geologists and from 
other sources; they are grouped into 317 sets, each 
consisting of from 1 to 6 contact prints. All the photo- 
graphs are vertical and provide stereoscopic coverage 
except one in Hawaii and one in Alaska, which are 
oblique. Each set described in this catalog is arranged 
on a geographic basis, and information includes the 
location, scale of the photography, a brief description 
of the features illustrated, and reference to a geologic 
report or a topographic map of the area. The strati- 
graphic nomenclature used in the catalog is that of 
the references cited and does not necessarily follow 
the nomenclature of the U.S. Geological Survey. 
Various geologic features shown on the photographs 
are listed in a subject index which is included. 

The sets are listed alphabetically by Stale us well 
B.S by the number within each State. The location of 
each set b shown on an accompanying map (pi. 1). 

This collection could not have been assembled with- 
out the generous cooperation of the Army Map Service, 
which prepared the negatives, and of the following 
agencies, which supplied many of the original photo- 
graphs : 



Agricultural Stabilization and Conservation Serv- 
ice 

Soil Conservation Service 
U.S. Air Force 

U.S. Coast and Geodetic Survey 
U.S. Forest Service 
U.S. Navy 

Numerous individuab and institutions outside the 
Federal government abo contributed to this project. 
We wish to acknowledge the assistance of the following: 
Prof. H. R. Wanless and Mr. M. T. El-Ashry, 
University of Illinois; Prof. H. T. U. Smith, University 
of Massachusetts; Mr. Frederick Johnson, R. S. 
Peabody Foundation for Archeology; Dr. Philip 
Phillips, Peabody Museum, Harvard University; Prof. 
C. B. Hunt, The Johns Hopkins University; and Dr. 
J. L. Snyder, American Geological Institute. 

HOW TO ORDER PHOTOGRAPHS 

The photographs Ibted in this catalog can be ordered 
from the Map Information Office, U.S. Geological 
Survey, General Servrices AdminUlration Building, 
Washington, D.C. 20242. Each order should include 
the name of the State and the number of the set. No 
further identification b necessary. An order blank, form 
9-1622, is included in the pocket of this publication. 
Abo included in the pocket is form 9-1641, which b 
to be used in ordering any Geological Survey produced 
geologic or toimgraphic maps referred to in thb 
publication. Prejiayment b required and the amount of 
remittance, made by check or money order jiayable to 
the U.S. Geological Survey, will deiiend upon the num- 
ber of prints ordered. The prices are subject to change; 
however, prices of each 9- by 9-inch contact print in the 
following quantities will serve as a guide to the pur- 
chaser: 1 to 5, ,$1 ; 6 to 100, 90^; more than 100, 70^. 
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AUuvi&l fans Alaska ^ Calif. ^ 23-28, ^ 

Idaho^Mont. 18:Nebr. 3:Pa.l 

meandering washes on Calif. ^ ^ 2A 

Anticlines Ark. 1-3; Calif. 29; Okla. ^ ^ Pa. 

1. ^ Tex. Ij, 6^ Wyo. 2^ 7, 9 

Arcbaeologic rites Colo. ^ La. ^ ^ Mku. 1 

Ar«tes Alaska 20, ^ ‘Maine U 

.Mont.^ 2^ Utah 3j Wash. 2 
Avalanche chutes. Ste Debris avalanches. 



Badlands Colo. 7; S. Dak. Tex £[ Utah 9 

Bcachridgcs Fla. L 3; La. Mich. 3^^ N.C. 2 

ancient Ala. ^ 8.C. 1 

Beaches, modern Calif. 3^ Dd. ^ Fla. 1^ ^ Ind. ^ 

La. ^ Md. ^ Man. Mich. ^ 
N.J, ^ N.Y. ^ N.C. L 2 

Boulder field Pa. 3 

Buttes Aril. ^ Utah 13 



Calderas.. Alaska ^ Hawaii ^ N. Mex. ^ 

Oreg- 1 

Canyons Aril. 4-6; Calif. 7, 14, 2fl; Colo. 7; 

Hawaii 1; N. Mex. N.Y. 

P.R. Ftah M, W- Va. 2 

Carolina bays.. S.C. 1 

Channels 

ice-marginal Mont. 0, 11, 12 

mcU water Mont. & 

Cheniers. See Beach ridges. 

Cirques Colo. ^ ^ Maine !j Mont. ^ ^ 

Utah a 



Coasts. Se« Shorelines. 



Cones 

cinder........ Alaska ^ Arii. ^ 1^ Calif. 34; 

Hawaifj,^ l^IdahoLL* N. Mex. 
^ Oreg. 4 

spatter Hawaii 8^ Idaho $ 

Contact, intrusive Calif. 20 

Craters, volcanic Hawaii 8, 9 

Cucatas Ala. 1; Aria. % ^ Colo. 7; Mich 3j^ 

^ N. Mex. I N.Y, ^Okla. 
1; P.R. ^ 8. Dak. Vt. 1 

Debris avalanches Alaska 13; N.H. 1; Teno. 2; Va. 2; 

Wash. I 

Deltas 

dtstribuiarics on ii.^1 

in lakes Calif, N.Y. 6 

in oceans Alaska 22, 26; La. 4-9 

Pleistocene lakes. Srt Pleistocene lakes, deltas. 

subsiding La. 6,^8 

tidal N.C. 1 



Doaert pavement (varnish). 

Diatremes... 

Dikes- ... 

clastic 

intiTSecting 

radiating 

^wiU‘m 



Calif. 2^ ^ ^ ^ 

Arix. 111. Ij. Mo. ^ Mont. 8 



Calif, Mont. 4; N. Mex. 9, 10 

8. Dak a 

Colo. 12 

N. Mex. 1 

Colo. U 



Domes 

desert Calif. 33. 34 

granitic Calif. ^Ga. 1 

Uva, Calif. 3-6, 8jN. Mox. 8 

massive sandstone...... Utah 8^ U 

rhyolite ...... N. Mex. fl 

Btructuial 111. 1^ Mo. 2j Mont. 4^ Utah 13; 

Wyo. 6, 7 

Drainage density, contrasts Mont. 7;~K. Mex. 7, 9 
Drainage patterns 

barbed tributaries Calif, ii. 

beach ridges N. Dak. ^ 5 

beaded Alaska 4-6 

centripetal... Aris. 11 

dendritic N. Mox. 7^ 9] S. Dak. 2 

dike control. Colo. 12 

fluted drift Mich. ^ Mont. 6 

joint control Ariz. 13 

paraUcl Calif. ^ N. Mex. 7 

radial Arii, ^ Mont. ^ N. Mex. ^ 

Wash. 7i Wyo, 6, 7 

trcllisod. Mont. ^ ^ Pa. ^ Wyo. 9 

Drift 

fluted... Alaska ^ Mich. 1, 2^ Mont. ^ 

N. Dak. 1 

Burfaoedrainage, contrasts Iowa 1^ Mont. 12 

Drumlina Minn. 1^ Mont. ^ N.Y. 3j Wis. 1 

DuiMfl....... Colo. 10; Idaho 1: Ncv. 1 

barchans Arii. 3, ^ Calif. Uuh 12 

blowouts............... Ind. D Maas. 2 

ehangca with time Calif. 3^ 39; Del. 1 

dimbing Arii. ^ Nev. 4 

coastal Calif. 35: Dd. D Mass. L. 2; Oreg. 

1-3; P.R. 6 

lakeahore. Ind. Mich. 3 

longitudinal Alaska 10; Arii. 3, 8, 11; Calif. 35; 

Nebr. ^ 6,. ^ Wash. 6 

parabolic Alaska 10; Arii. 7-9, 11; Oreg. 1 

stabiliied by vegetation. Aril. 9; Ind. 1;^ Ncbr. 2^ 3 l L ili 
Oreg. 1, 2 

transverse Arli. 7^ Wash. 6 

Elarthflowo Colo. 9; Idaho ^ Utah 6 



Elartbquakca. Set Faults, active in historic lime; Faults, in 
surficial deposits. 

Engineering works 
canal.... .......... . ... 

dams........ 

irrigation ditches 

jetties. 

reservoirs 

tunnels ................ 

Eakers 

Fall lone 

Faults 

active in historic time 

high-angle. ...... . .... 



Calif. 13 

Colo. 3; Mont. 16 
N. Mex. 2; Wyo. 4 
La. fl 

Colo. ^ Utah 2 
Calif. I 

Maine ^ Mich. Minn. ^ Pn. 
4; W'is. 2 

Md. 1 

Alaska 28; Calif. ^ Mont. ^ 
Ifii H 

Aril- ^ Cemn. Mont. 7, ^ N. 
Mex. 8. 9; Tex. 2; Wyo. iT^ £ 
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PauIU — C oetinuad 

in granite 

in MurfidaJ dcpoeita. 



offset drainage. . 

nai; pond 

sand spout 

thrust 

trenches 

triangular facet, 

Fiordi.. 

Flood plains 



changes with time. 
Fractures. See Joints. 



Calif, id 

Ala. l_i Aril. ^ Calif. 13. 17. 21. 
30-32; Mont. R 15, ^ ^ 

^ Uuh 2 
Calif. 30i 3f 
Calif, 

Mont. 12 

Calif. 29i Mont. 1; N. Me*. 12 
Calif, m 

Calif. 17, 25, ^ Uuh 2 
Aliieka Maine 3 
Ala. Alaska ^ Idaho 7^ Ind. ^ 
La. L ^ M***- L Zl Nebr. ^ 
N. Mcx. ^ Va. 2i Wyo. 3-5 
Kans. Nebr. 4 



(ilacial lakes. See Pleistocene lakes. 



Glacial stairways Calif. ^ Mont. 2 

(iladcrs 

beheaded.. Alaska Hi 

caldera Alaska !£. 

cirque Calif. 2] Cdo. Mont. ^ Wash. 

L2i2 

crevasses Alaska ^ 1^ ^ Calif. 2 

firn limit Wash. 1 

historic changes Alaska ^ 10, 20 

moraines, ablation Alaska 13- 15, 22, 28, 20 

deformed.. Alaska 23 

end Alaskal^l^20 

medial...... Alaaka 25, 27; Wash. I 

nunataka. Alaska 1^ M 

outwaab plains Alaska 14, 15, 19, 22. 24 

piedmont Alaaka 22-24 

plateau Alaska 20 

stagnant termini Alaska 12. 22. 24 

stream diveraions Alaska ^ 

ftreama, ice-marginal... Alaska 14 

•urgea. See Glaciers, historic changes. 

termini, calving Alaaka 25, 26, 28 

forest-covered Alaska 2^ 29 

trimline. <Sec Trimline of trees, facial. 

Grabens Calif. 21 

Hogbacks Colo. ^ Wyo. 2 

Horiaontal bods. Kans. ^ Mont, h 8. Dak. 2 

See also Plateaus. 

Uoras Alaska 13. 20: Mont. 2 

Hum. See Karel, residual hill. 

loe-channel fillings. See i<l8kcrs. 

Ice fidde Alaska 30 

Icebergs Alaska 2H 

Icing, fiood-plain.... Alaska 6,^8 

Inaelbergs Aria .16: Calif. 33 



Joints 

columnar. Wyo. 5 

enlarged by solution P.R. fi~ 

«ranilc_ Calif. 6, 7j 21^ Maine 3 

limestone.. Aria. 13 

metamorphic rocks. . .\Iiutka 19, 20^ Colt*. 14 
•andstonc . . l’l«h7,K,H 



KanMB Maine ^ MIeb. 5 

Kami 

doline. See Karst, sinkholes. 

haystack hills P.R. ^ 5, 7 

meandering streams. See Meanders, in limestone, 
residual hill ... P.R. 3 

sinkholes........... Ky. 1-4; Ps. P.R, 3^ 4^ Tex. 

iliVn.1 

tower P.R. 1-4, 6-8 

underground streams Ky. ^ P.R. ^ 

Knob and kettle Moot. ^ Pa. 4 

See aUo Karnes; Lakes, kettle. 



Laccolith N. Mex. 4 

Lahars. See Debris avalanches. 

Lakes 

beach-dammed ......... ILL 1 

beaver-dam mod Mich. 2 

crater.. ............... Alaska 1^ Oreg. 4 

dry bed Calif. 22 

dune-dammed .......... Oreg. 2^ ^ Wash. 6 

gladcr-dammcd Alaska 2^ 2S 

kettle................. Coon. L. Maine ^ Mich. ^ Minn. 

2i Moot. 64 12i N. Dak. ^ ^ 
Wia. 2^3 

landslide Colo. ^ Wyo. I 

lava See Lava lakes. 

moraine-dammed....... Alaska Calif. U,. 1^ 15; 

Maine ^ Wyo. 8 

oriented.. Alaska 1 

oxbow.. Alaska 2^ Calif. 192 Idaho 7j La. 

^ Miss. ^ Mont. Ui Wyo. 5^ 9 
Pleistocene. See Pleistocene lakes. 

rook-basin... Alaska 19: Colo. 5 

saline Nebr. 2 

See aleo Playaa. 

sinkbole Ky. 1^ 2^^ 4 

tectonic. .............. Calif. 18. 21; Tenn. I 

thaw Alaska L 3-6 

[.andslides. Calif. 27; Colo. 9; Maine 1; Mont. 

1^. 1; N. Mex. 2-4, 1^ 
P.R. ^ uuh ^ Wyo. 1 
before and after........ Mont. 1^, ^ 

slump blocks Idaho^UUh4 

two ages....... Uuh 4 



Lavs Gown. 

See aleo Cones, cinder; Volcanocn. 

aa surface.... Hawaii! 

ash. See Rock types, ash. 
basalt. Set Rock types, basalt. 

fissures in.... Hawaii 8 

flow structures Calif. ^ ^ N. Mex. 6 

obaidian. See Rock types, obsidian. 

paboeboc surface ... Hawaii 2 

sourer vents N. Mex. S 

I.ava lakes Hawaii ft 



Levees La. £, 7 

Loess. Alaska Colo. ^ Iowa ^ ^ 

Wash. ^ 0 



Marine terraoi« 



Matt«*rhorii>>. See Morris. 



Ala. 2i Alaska ^ Cnlif. ^ ^ 

mil 
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Meanders 

abandoned Calif. 19^ Mba. ^ ^ Tenn. jj 

Va, I 

ante... La. ^^Tenn. I 

rntrrncticd Ky. 3j Mich. ^ Mo. ^ N. Dak. 4^ 

Va. W. Va. I 

flood plains Idaho 7j Ind. 2 

limcatone Ky. 3; V'a. 1 

sandstone MlefiT^ Utah 14 

shale.. V’n. ^ Wyo. ft 

sljp>ofF slopes... Va. I 

tidal streams. 8*f Swamps, tidal. 

topoftraphic inversion Calif. 16 

Mc*as Ari*. 9^ ^ Colo. 7^ N. Me*. ^ 

^ 8. Dak. ^ Uuh 9^ ^ I^- 
Wyo. ^ 4 

Meteor Crater ArU. l± 

Mima mounds W’ash. 1 

Minfss and quarries 

bauxite Ark. 1 

buildiiiK stone Ark. ^ Conn. ^Ga. 1 

coal Okla- Ll Pa. 2^ W. Va7 I 

copper Utah I 

manKanese Va. 3 

mine tailin^^ Mich. ^ Pa. 2 

open pita.............. Arii. 1^ Ark. ^ Conn. 1_£ Ga. Ij 

N. Dak. ^ Pa. ^ ^ UUh I 

pegmatite Conn. 1 

slate.................. Pa. i 

strip mines Ark. 4£Okla. L 3} W'. Va. I 

Mogotes. See Karst, haystack hills. 

Monociine Utah 7^ S 

Moraines. 



iSre also Glaciers, moraines, 
ablation 
end 



faulted 

ice sheet. . . . . 

interlc4>ate 

mountain (dneiers. 



piedmont glaciers 

two ages............... 

Mountains. 

See alao Cirques; Glaciers. 

complex structure..., 

fault-block 



N. Dak. 2, 3; R.I. 1 
Alaska ^ Calif. ^ ^ Mont. ^ 
N. Dak. ^ ^ Pa. ^ Utah 2^ 
W'yo. ^ 8 
Calif, Utah 2 

Mont. ^ N. Dak. 2, ^ Pa. Sj 
R I. 1; Wis. 1 
Wis. ^ 3 

Alaska 1^ Calif. 6^ ^ 11-15; 
Colo. ^ Maine ^ Mont. ^ 
Uuh ^ Wash. Ij W'yo. L 8 
Alaska Uj Mont. 3 
Calif- 11, Uuh 2j Wash. 1 



Alaska ^ Colo. Tenn. 2 
Calif. ^23^^ Mont.” Ift^ 



N. Mex. «; Tex. 2; Uuh 2 

flat-tying rocks Mont. 2 

See n/so Plateaus. 

folded rocks Ark. JL 3j Okla. Pa. ^ Tex. G 

W. Va. 3 

granitic rocks CuUf. 0; Maine f, 3; Mo. 1 

overthrust .Moiit.~L 

residual. See Insetb«Tgs. 

synclinal Okla. ^ Pa. a 

volcnnic. See Calderas; Cones; Volcanoes. 

Mud cracks ('nlif. 2^ Mont. 10 



Mudflows.. . .... Calif. 5 



Outwash plains N. Dak. ^ RX Ij Wb. 2^ Wyo. H 



Iowa 2, 3 

Alaska 3 
Alaska 1-5, 7^ 9 
Idaho fi 

Idaho ^ ^ N. Mex. ^ U; 
Oreg. ^ Wash. 4 

Idaho 2| ^ N. Mex. ^ U; 

Oreg. 6 

Alaska L 2* 4, ^ ^ 9 
Alaska £ 

Idaho 2^ ^ N. Mex. Ui Oreg. 5 
Alaska ^ 5^ Idaho 2 

Arts. 1^ Colo, ^ N. Mex. 
2, 9, 12; Utah 9 
Permafrost. See Patterned ground, active. 

Phacolith N.Y. 5 

Piedmonts 

arid to scciiarid.... Arix. ^ Calif. ^ 2^ ^ 

Colo. lx. ^ N. Mex. ^ Utah 
10, 11 

humid Ark. ^ Ga. Md. Va. 4 

Pingoa... Alaska 3, 5, 17 

Plains 

coastal Ala. 2; Alaska N J. 1] P.R. 

^ 8.C. 1 

desert Calif. 39j Nev. 2 

drift......... Iowa 1, ^ N. Dak. L 2; Minn. ^ 

MoiTt.T lit li 

lake. See Pleistocene lakes, 
sand. See Outwash plains. 

aemiarid. Tex. 3^ 4 

volcanic. Hawaii ^ ^ Idaho 5 

Plateaus 

ash Hawaii ^ 4 

basalt...... Hawaii ^ Utah ^ 6 

See alee Seabland. 

dolomite Mo. 2^ N.Y. 1 

limestone Arix. 4. 6. 13; Tex. 2, 5 

sandstone.............. Arix. ^ Colo. Tj Utah ^ 14‘ 

W. Va. 1 

Playas..... ...... Calif. 23-26; Nev. 4 

Pleistocene facial features. See Ar4tes; Eskers; Homs; Kamcji- 
Moraines; Outwaah plains* Truncated spurs; Valleys, U- 
shaped. 

Pleistocene lakes 



ddUs Mich, li N.Y. ^ Pa. ^ Uuh 2 

shorelines.............. Calif. 32; Mich. Nev. 1-3; 

N. Dak. 4-6; Ohio U Utah J 
wavc-cul cliffs... ..... .. Mich. 1^ N. Dak. 8 



Paha 

Patterned ground 
abandoned lake floor. ... 
active 

alluvial fans...... 

ancient 

See also Boulder fields, 
baaalt 

ice-wedge polygons 

plowed fields 

sUt mounds. ........... 

Stripes 

Peat. See Swamps. 
Pediments 



Ring dikes N.H. 2 

Hock glaciers Calif. 9, 10; Colo. 5, 8: Utah 3, 6 

Hock types 

»sh Hawaii 3^ 4 

basalt Alaska ^ Arix. ^ \Jh 12; Calif. 



34; Conn. ^ Hav^ I. ^ 3-7 ; 
IdalK> 2, 4, ^ 7: Mwh. ^ 4; 
Nev. ^ N. Mex. 2-5, ^ 10, lU 
Utah ^ Wash, ^ ^ 1^ ]J“ 

bauxite Ark. A 

chalk..--.- .. Ala. i 
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Rook type* — Continued 

chert 

cloy......... 

co*l 

colluvium 

dolomite 

colian silt. Ste Loess, 
granitic............. 



limestone ....... ....... 



mctaecdi nten lary . 



Dovaculite. 
obsidian. . 
quartiitc.. 
sandstone. 



shale. 



sUt 

vdoanie 



Ark. ^ Okla. 2 

Ala. Ark. 4j Colo. Md. 2j 
P.R.^8. Dak. 2 
Okla. Li 2i W. Va. I 

Okla. i 

Mo.2,^N.Y. L^Va.3 

Ari*, ^ Ark. 4^ Calif. 6^ 7, 9, 
17-21, ^ ^ Colo. ^ Ga. 
Maine L 3; Mo. Li N.H. L Zl 
Te*. ^ Utah ^ Wyo. I 
Aril. ^ ^ ^ Kani. ^ Ky. 1-4; 
Moot. 19i Pa. li P.R. 1-4. 
6-H; 8. Dak. Ij Tea. 1-3, ^ 
^ Va. 1 

Alaska ^ Calif. 2^ Colo, h 
Md. Li Mont- h N.Y. 4, ^ 
Tcnn. ^ Vt. I 
Ark. 2^ i OkU.'2 
Calif. 3,. 1 8 

Pa. Va.^^W. Va. 3 
Ala. Li Aril. 1-3, Ark. Li 
^ li Colo. 3^ 1 Zi Ky. L ^ 
Md. ^ Mich. 4i Mont. ^ N. 
Mei. Li NJ. li N.Y. i; Okla. 

1^ 3f 4i Pa. Li 8- I>ak L Tea. 

L 3i it L UUh 4^ 7-9, 12-15; 
Va. L 2. W. Va. L 2j Wyo. 2^ 
5t«t2 

Aril. L fit 13i Ark. L Zl Colo. 7; 
Kan*. ^ Mont. L 3*, 7^ 8ji 
N. Mca. L ii N.Y. L Oklu. 
1-4. 8. Dak. Tea. D 

i. L lit ill i5i V*- 

Va. Li Wyo. ^ 5-7, 9. 

Alaska 1, 4-7, 9 

Calif. ^ Colo. ^ ^ Mont. 7^ K. 
Mca. P.R. 8 



Salt marsh. See Swamps, tidal; Playas. 



Seabland 

basalt. 

canyons... 

dry falls. 

ipant ripple marks 

gravel bars 

Scarp#, deflation 

Scree. See Talus. 
Shoreline changes 
before and after., 
during earth<iuak<'. 
during hurricanes. 
Shorelines. 



Idaho 4; Wash. 5. 8. 10. 11 
Wash. 5j in 
Wash. 5 
Wash. S, 9^ D 



Idaho 4 

cdo. a 



Del. KLo ZiN.C. 2 

Mont, ill 18,20 
Ha. a,N.C. 1 



iSee also Beach ridges. Beaches. 

baymouth bars Calif. 36^ H.l. 1 

headlands Orrg. Li, H I- 1 

marine terraces. See Marine terraces. 

offshore bam Md. it 

Pleistocene lakes. See Plci.ntocene lakes, 
progriidmg Fla. 1^ I*n il Mass. I 

revcrb<Tatinn bay. . . P.R. 5 



sea cliffs Alaska 2lj Calif. 36, ^ 40, 4L 

Hawaii 2^ ^ Md. ^ Oreg. Zi 
P.R. 5 

derated Ala. ^ Calif. 3^ Va. 7 

spits Del L Maas. Ji Sj7^ N.Y. 6i 

N.C. 1^ 2 

stacks Calif. 31 

volcanic.. Hawaii 

Sod mounds. 8es Patterned ground. 

Spring deposits ... N. Me*. 12. 

Stream captures.. Calif. 14; Va. 4 

Stream channels 

abandoned............. Md. Li Mo. 3j N.Y. 6 

ancient Calif. 1& 

braided. Alaska ^ 24; Aria. 1^ 

Calif. ^ 3^ 34i Nebf. 4, 6 

buried by colian sand Aris. ^ 7^ Nev. 4 

changes with time. ..... Kans. l_i Nebr. L ii § 



drift-filled Conn. 1 

flood erosion... Va. 2 

point bars Alaska ^ Ind. 2 

sandbars..... Nebr. 6; Utah 15 

Stream diversions, by 

moraines Calif.fi 

Stream piracy.... Colo. D li Mo. ^ Utah 10, Hi 

Wyo. 3 

alluvial fans..... Calif. 2fi 

SwamiMi...., Maine 2^ Mich. ^ N.Y. 4^^ N. 



Dak. 3i 8.C. Li Va. 7j Wis. 2 

coastal Fla. Li I-o- 3 

cypress ...... ... Fla. 2 

flood-plain...... Ala. L La- 2; Miss. Li Tenn. 1 

lakcshore Ind. 1 

mangrove........ - Fla. ^ La. 6 

tidal Fla. 2; La. R, 9^ Mass. ^ N.J. ^ 

Va.fi 

Syndincs Ark. li ?2i ^-4; Pa. 

Z ^ Tex. li Va. ^ 5 



Talus....... Alaska 13: Aril. Lli Calif. 3^^ 5^ 8^ 

10; Mont. ^ Okla. ^ Utah ^ 
Wyo. 5 

Tams. See Lakes, rock basin. 

Terraces 

deformed ........... Mont. 13 

river,, Alaska2i.Mont.^^7^N. Me*. 

8. Dak. Li UUh 7. 10. m Va. ^ 
Wyo. 2, 4 

Tidal marsh. See Swamp^ tidal. 

Tidal streams, meandering. See Swamps, tidal. 

Toimgraphic grain 

roctamorphic rocks N.Y. 4,$iVt. I 

shale. Ark. 2, 3 

Travertine. See Spring deposits. 

Trees, blown-down Maine 1 

Trimlinc of trees 

giant waves. ........ ... Alaska 2^ W 

glacial ............. Alaska 15, 29 

Truncated spurs Calif. 7, 1^ Mont. Wash. 3 



Un conformities Ari*. ^ Colo. ^ N. Me*. 9, ^ 

N. Y.l 
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ViUeps 

U-«hftped 



Volcftnic Deck* 

VolCEDOM. 

8m aUo CalderM; Cone*; 
neeks. 

before end after erupiiooa 

flows 

extinct..... 



CaUf. 6, 7; Oreg. 4; Wash. 3 
Alaska 13; Calif, fl, 7, 15; Maine 3; 
Mont. 3; N.H. 1; Oreg. 4; Utah 
3; Wash. 2, 3 
Alia. 2; N. Mex. 1 

Craters; Domes, lava; Volcanic 

Hawaii 10 
Hawaii 5. 7-0 
Calif. 2; Wash. 3. 7 



gullied slopes oo asb 

rift sooes .... 

topographic dlffereneea 
rdated to cUmate..... 

Water gap 

WaterfaOa. ............. . 

dry 



HawaU 3, 4 
Hawaii 7, 8; Idaho 5 

Hawaii 1 

Pa. 6; W. Va. 3 

Md. 1; N.Y. 2; Wash. 10 

Calif. 6, 7; Wash. 5 



Zanjones. 8tt Joints, enlarged by solution. 
ZigMg ridges. Tex. 1 
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DETAaED DESCRIPTIONS OP SETS OP AERIAL PHOTOGRAPHS 



AJs. 1. Ripl€)r cBiwte 

County: Sumter. 

Lml 32®37^ N.; long 88*08' W. 

Number of photographs: 3. 

Photograph scale: 1:60,000. 

Foesi length: 5.2 in. 

Date flown: Mar. 10, 1952. 

Map reference: U.S. Geol. Survey Epes IS-min quadrangle, 
seale 1:62,500. 

Geology reference: Monroe, W. H., and Hunt, J. L., 1958. 
Geology of the Epee quadrangle, Alabama: U.S. Geol. Survey 
Geol. Quad. Miq> GQ-113. 

Features UiustraUd (set nos. Ala, 1 A-C in southeast 
comer oj photographs), — -The bedrock in this part of the 
Gulf Coastal Plain is of Late Cretaceous age. It is 
composed of gently southwest-dipping beds of chalk 
and some interbedded sand. In the northern two- 
thirds of photograph 1 C are gently rolling plains with 
large areas of bare white chalk — the southern edge of 
the Black Prairie Belt — bordered on the east by a 
wooded flood plain of the meandering Tombigbee 
River. Extending northwestward from the southeast 
comer of photograph 1 B, a steep northeast-facing 
scarp with a gentle back slope 4-5 miles long forms a 
belt of wooded liills. The hills are composed largely of 
sand (Ripley Formation) and are most conspicuous in 
the southeast quadrant of this photograph. The sandy 
beds are cut by cloeely spaced northwest-trending 
high-angle faults of small displacement. The faults 
control a network of closely spaced gullies and small 
valleys. Southwest of the cuesta (southwest quadrant 
of photograph 1 A) are densely wooded lowlands, the 
Flatwoods, underlain by Quaternary sand and gravel 
that overlies clay of Eocene age. 

Ala. 2. Elevated aiariae bars on west side of Mobile Bay 

County: Mobile. 

Lat 30*25' N.; long 88*12' W. 

Number of photographs: 3. 

Photograph scale: 1 :23,600. 

Focal length: 6 in. 

Date flown: Mar. 16, 1953. 

Map reference: U.S. Geol. Survey Coden 7H*min quadrangle, 
s^c 1 : 24,000. 

Geology reference: Carlston, C. W., 1950, Plciatocene history 
of coastal Alabama; Geol. Soc. America Bull., v. 61, p. 1119- 
1130; geol. map (pi. 1), scale 1 ;250,000. 

Features iltusirated {set nos. Afa. S A-C in northeast 
comer oJ photographs). — Parallel ridges, about 30 feet 
above sea level, trend eastward just north of center of 



photograph 2 B and rise a few feet above a wooded 
swamp to north and south. To the west, the ridges 
abut against cultivated uplands as much as 90 feet in 
altitude. Carlston interprets these ridges as marine 
bars and the edge of the upland as a marine scarp, 
both of Pamlico age. 

Alaska 1. Ice-wedge pelygOBS aear Point Barrow 

Lat 71*14' N.; long 166*45'W. 

Number of photographs: 2. 

Photograph scale: 1 :20,000. 

Focal length: 6 in. 

Map refer en ce: U.S. Geol. Survey Barrow sheet, scale 1 :250,000. 
Ge<^ogy reference: Hopkins, D. M., Karlstrom, T. N. V., and 

others, 1955, Permafrost and ground water in Alaska: U.S. 
Geol. Survey Prof. Paper 264-F, p. 113-146, pi. 38. 

Features illustrated (set tios. Alaslra ] A-B tn north- 
east comer of photographs), — Thaw lakes and ice-wedge 
polygons are in stratified silt and sand on the Arctic 
coastal plain in the continuous permafrost zone. Thaw 
lakes, both frozen and unfrozen, are commonly elon- 
gated in a north-northwest direction and occupy the 
central parts of old lake basins whose outer parts show 
conspicuous patterns of low-center polygons (ridges 
separating pools of water). In higher areas outside the 
old lake basins, the polygons are smaller and leas 
conspicuous and have high centers separated by troughs. 
On gentle slopes, polygonal patterns are replaced by 
stripes. Plate 38 in Professional Paper 254-F is an 
annotated copy of photograph 1 B. 

Alaska 2. Palyganal greand an flood plaia of Kogoaakmk River 

Lat 69*48' N.; long 151*36' W. 

Number photographs: 2. 

Photograph scale: 1 :20,000. 

Focallength; 6 in. 

Date flown: July 9, 1948. 

Map reference: U.S. Geol. Survey Umiat sheet, scale 1 :250,000. 

Geology reference: Ray, R. G., 1960, Aerial photographs in 

geologic interpretation and mapping: 17.8. Geol. Survey Prof. 
Paper 373, 230 p. 

Features illustrated {set nos. Alaska 2 A-B in south- 
uxst comer of photographs). — Bands of ice-wedge 
polygons outline meander scars on the river flood plain. 
Serrated edge of oxbow lake and of terrace rims mark 
the location of thawed ice wedges. Permafrost is not 
present in the well-drained river terrace in the center 
of photograph 2 B between Kogosukruk River to the 
west and Colville River to the east. These two photo- 
graphs are reproduced in figure 109 of Ray's paper. 

7 
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AERIAL PHOTOGRAPHS OF GEOLOGIC FEATURES IN UNITED STATES 



Alafk« 3. Pingo on nrcti« coastal plain 

L*t 69"40' N.; long 1S1"05' W, 

Number of photographs: 2. 

Photograph scale; 1 :20,000. 

Focal length: 6 in. 

Date flown: July 9, 1948. 

Map reference: U .8. Geol. Survey Umiat sheet, scale 1 : 250,000. 

Geology reference; Hay, R. G., 1960, Aerial photographs in 
geologic interpretation and mapping; U.S. Go(^. Sur>'cy Prof. 
Paper 373, 230 p. 

Features iUustrated {set nos. Alaska 3 in south- 
west comer oj photographs ). — Pingo is in northeast 
quadrant of photograph 3 A. Partly drained lake ba> 
sins show abandoned shorelines and extensive areas of 
patterned ground. Modem lakes with serrated margins 
are partly covered by floating ice. These two photo- 
graphs are reproduced as figure 110 in Ray's paper. 

Alaska 4. Ice*wedf« polyfona and thaw lakes. 

Seward Peninsula 

County: Second Judicial Division. 

Lat 66“06' N.; long 165^*32^ W. 

Number of photographs: 3. 

Photograph scale : 1 : 40,000. 

Focal length: Sin. 

Date flown; July 27 , 1949. 

Map reference: U.S. Gecd. Suiv'ey Shlshmarcf sheet, scale 
1:250,000. 

Geology reference: Hopkins, D. M.. Kaiistrom, T. N. V., and 
others, 1955, Permafrost and ground water in Alaska: U.S. 
Geol. Survey Prof- Paper 204-K, p. U3-146, pi. 37. 

Features illustrated {set nos. Alaska 4 -‘t-C in north- 
west comer oj photographs). — C^oastal plain near Shish- 
maref Inlet (northwest comer of photograph 4 A) in 
the continuous-permafrost zone. Entire area is under- 
lain by silt and peat. Permafrost present at a depth 
of U4~3 feet everywhere except beneath rivers and 
lakes. Presence of permafrost is indicated by thaw 
lakes and basins of drained thaw lakes, beaded dramage, 
low- and high-center ice-wedge polygons. Scalloped 
margins of lakes and steep banks suggest active thawing. 
Plate 37 in Professional Paper 264-F is an annotated 
copy of photograph 4 B. 

Alaska 5. Permafrost Indicators, northern Seward Penlnaula 

County: Second Judicial Diviaton. 

Lat 65*20' N.; long 164*24' W. 

Number photographs: 3. 

Photograph scale: 1 : 40,000. 

Focal length: 6 In. 

Date flown : June 20, 1950. 

Map r^erence: U.S. Geol. Survey Bendeleben (B-5) quad- 

rangle, scale 1:63,360. 

Geology reference: Hopkins, D. M., Karlstrom, T. N. V., and 
oibem, 1955, Permafrost and ground water in Alaska; U.S. 
Geol. Surv’ey Prof. Paper 264-F, p. 113-146, pi, 41. 



Ftatxires iUxuimUd (»tt not. Alaska 5 A-Cin southeast 
corner of photographs ). — Northern three-quarters of 
photograph 5 B is underlain by 20-25 feet of peat 
and silt, southern quarter by fluvial and glaciofluvial 
sand and gravel mantled by only a few feet of peat 
and silt. Permafrost lies lK-2 feet beneath the surface 
e-xcept beneath rivers and lakes. Permafrost is indicated 
by thaw lakes, modification of oxbow lakes by thawing, 
pingos, beaded drainage, low- and high-center ice- 
wedge polygons and vegetation stripes on slopes. Point 
bars are conspicuous along Kuzitrin River. Plate 41 
in Professional Paper 264-F is an annotated copy 
of photograph 5 B. 

Alaska 6. Flsod-plaia ldn(, nsrthern Seward PenJnsaJa 

County: Second Judicial Division. 

Lat 65*38' N.; long 163*33' W. 

Number of photographs; 2. 

Photograph scale : 1 ; 20,000. 

Date flown: Oct. 2, 1946. 

Map referonoe; U.S. Geol. Survey Bendeleben (C-4) quad- 
rangle, scale 1 : 63,360. 

Geology reference: Hopkins, D. M., KarUtrom, T. N. V., and 

others, 1955, Permafrost and ground water in Alaaka: U.S. 
Gool Sur\*cy Prof. Paper 264-F, p. 113-146, pi. 43. 

Features iilusirated (eef no4. Alaska 8 A-B in north- 
west comer oj photographs ). — White areas along streams 
in north half of photograph 6 A are new ice that had 
just begun to accumulate when photographs were 
taken. Ice on stream in southeast quadrant is perennial. 
(See Alaska 8.) Beaded drainage (thaw lakes) Ls con- 
spicuous along streams in north half of photograph 
6 B. Valley bottoms are tinderlain by silt, sand, and 
gravel a-s mucli as 10 feet thick, slopes by silt, as much 
as 20 feet thick, resting on basalt. Permafrost underlies 
the slo[>es at depth of 1)^-3 feet and probably underlies 
flood plains at a depth of less than 10 feet. Area is 15 
miles west of Imuruk Lake. Plate 43 R in Professional 
Paper 254-F Is an annotated copy of i)hotograph 6 A. 

Alaska 7. Dlscontinoovs permafrost, aorthem Seward 
Peninsala 

County: Second Judicial Division. 

Ut 65*35' N.; long 163*20' W. 

Number of photographs; 2. 

Photograph scale: 1:20,000. 

Date flown: Oct. 2, 1946. 

Map reference; U.S. Geol. Surv'cy Bendeleben (C-3) quad- 
rangle, Bcale 1:63,360- 

Goology reference: Hopkins, D. M., Karlatrom, T. N. V., and 

others, 1955, Permafrost and ground water in Alaaka: U.S. 

Geol. Survey Prof. Paper 264-F, p. 113-146, pi. 31. 

Features iHuslrated (xef nos. Alaska 7 A-B in north- 
west comer oj photographs ). — Extensive j>erniafrost is 
indicated by high-center ice-wedge polygons (northeast 
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qiuuirant of photograph 7 A) and by the sralloped 
shore of Imuruk Lake (east edge of photograph 7 B). 
Presence of local unfrozen galleries and layers is shovvii 
by spring-fed streams that empty into closed basins. 
Except in the escarpment, the area is underlain by 
5-20 feet of silt which rests on basaltic lava flows inter- 
bedded with thin layers of gravel; the escarpment is 
the front of a lava flow. Area is 35 miles south of 
Deering. Plate 31 in Professional Paper 264-F is an 
annotated copy of photograph 7 A. 

AJaaka S. PereaiUal Idnf below bot brings, Seward Pealasula 

County: Second Judicial Division. 

Ut 65®35' N.; long 103*30' W. 

Number of photographs; 1. 

E>atc flown; Oct. 2, 1946. 

Map reference: U.8. Geol. Sur\cy Benddebcn sheet, scale 
1:250,000. 

Geology reference: Hopkins, D. M., Karlstrom, T. N. V., and 
others, 1955, Permafrost and ground water in Alaska: U.S. 

Gcol. Sur\'cy Prof. Paper 264-F, p. 113-146, pi. 43C. 

FeaiurtH illwftraied {ObUqu^ rifW eo/ttuyird). — Hot 
springs, marked by den.se growth of tall willoH-s are 
below center of photograph, near northwest base of 
volcanic cone. Winter flow of river, maintained by the 
springs, produt'es thick j)erennial ice (conspicuous 
white band). Growth of tall ^^■ilIows on flood plain 
downstream from the icing is sho\ni also m Alaska 6. 
Imuruk l^ko, in middle distance at left, is about half 
frozen. The dark area at right center is basaltic lava. 
Plate in Professional Pa{>er 264-F is an annotated 
copy of a part of this jiholograph. 

Alaska 9. Mkrorellef due to tkawing of ice-wedge polygoae 

Let 64*52' N.; long 147*50' W. 

Number of photographs: 2. 

Photograph scale: 1:20,006. 

Date flown: Mar. 24, 194S. 

Map reference: U.8. Geol. Surv^cy Fairbanks (D-2) quadrangle, 
scale 1:63,360. 

Geology reference: Hopkins, D. M., Karlstrom, T. N. V., and 

others, 1955, Permafrost and ground water in Alaska: U.S. 

Geol. Survey Prof. Paper 264-F, p. 113-146, pi. 42. 

Fraiurts iUuHirattd (tret tutu. Ahtfha 0 A-B in norih- 
€Qnt comer oj phoiographn). — Micri»rolief of shallow 
trenoii«8. deep gullies, or closely spaced mounds fornted 
in cleared fields when ground has thawed and ice 
wedges have melted down. View Is of U.S. De|wrtmenl 
of Agriculture Experiinonta! Farm near Fairbanks. 
Entire area is underlain by muck and silt that are 
pennanently frozen and contain ice-wedge polygons. 
Polygons cannot be recognized where the forest is 
undisturbed. Plate 42 in Profes.si(mal Pajjer 264 F is 
annotated copy <»f photograpli 9 A. 



Alaska Id. Stabilised saad duaea on plaias nartbweat af Meant 
McKlaley 

Lat 63*39' N.; long 152*42' W. 

Number of photographs: 2. 

Photograph scale: 1 : 40,000. 

Focal length: 6 in. 

Date flown: Aug. 27, 1952. 

Map referenoo: U.S. Geol. 8ur\’ey Mount McKinley sheet, 
scale 1:250,000. 

Geology reference; Roed, J. C., Jr., 1961, Geology of the Mount 
McKinley quadrangle, Alaska: U.S. Geol. Surv'ey Bull. 
1108-A, p. A1-A36; geol. map (pi. 1), scale 1:250,000. Ray, 
R. 0.» 1960, Aerial photographs in geologic interpretation and 
mapping: U.S. Geol. 8ur\'ey Prof. Paper 373, 230 p. 

Ftaturm iU\tJ<trattd («cf fuw. Alottka 10 in ^outh- 
UYxf corner of photographs). —lAnear and parabolic 
sand duneei, 50-150 feet lugh, that have a northeast 
trend. The dunes are now stabilized and support a 
growth of birch, aspen, and white spruce in contrast 
to the stunted black spruce and muskeg of the inter- 
dune areas. Figure 56 in Ray’s report shows annotated 
copies of these photograplis. 

Alaska II. Arcaste moraines nortkweet of Meant McKinley 

County: Fourth Judicial Division. 

Lat 63*12' N.j long 151*49' W. 

Number of photographs: 2. 

Photograph scale: 1 : 40,000. 

Focal length : 6 in. 

Date flown: Aug. 27, 1952. 

Map reference: U.S. Gool. Survey Mount McKinley (A-4) 
quadrangle, scale 1:63,360. 

Geology reference: Reed, J. C., Jr., 1061, Geology of the 

Mount McKinley quadrangle, Alaska: U.S. Geol. Survey 
Bull. IIOS-A, p. Al-A36;geol. map (pi. 1), scale 1:250,000. Ray, 
R. G., 1060, Aerial photographs in geologic interpretation and 
mapping: U.S. Geol. Survey Prof. Paper 373, 230 p. 

Features iUustrated (set nos. Alaska tl in nouth- 
t£v^ comer oj photographs). -Three moraines of two of 
Reed’s older series on the plain northwest of Mount 
McKinley. Two of the arcuate moraines show almost 
unmodified topography that has innumerable small 
ponds; the third shows well-integrated drainage; all are 
of Pleistocene age. Figure 57 in Ray’s report includes 
annotated copies of parts of these photographs. 

Alaska 12. Stagnated terminus of Peters Glacier 

Ut 63*15' N.; long 151*00' W. 

Number of photographs: 2. 

Photograph scale: 1 :40,000. 

Focal lengt h : 6 in. 

Date flown: July 21, 1952. 

Map reforeneo: U.S. Gcol. Sur\*cy Mount McKinley sheet, 
scale 1:250.000. 

Geology reference: lb*ed, J. C., Jr., 1961, Geology of the 

Mount McKinley quadrangle, .Alaska: U.S. Geol. Survey 
Bull. IIOR-A, p. A1-A30; geol. map (pi. 1), scale 1:250,000. 
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Features illustrated (set nos. Alaska It A-B in south- 
west comer oj photographs). — Terminal lobe of Peters 
Glacier (ends at head of outwaah stream, opposite 
fiducial mark on northeast edge of photograph 12 A); 
lobe consists of dead ice veneered with drift. A partly 
buried stream channel, its course marked by circular 
ponds, traverses the terminal lobe. Streams in tributary 
valleys have been blocked and diverted by at least two 
stages of lateral moraines. The terminus is surrounded 
by moraines of Recent agei the outermost, reaching a 
point about 2 miles from the present terminus, shows 
that the glacier formerly bifurcated. 

Alaska IS. Ablation aioraina, Maldrow Glader 

Lot 63*18' N.; long 160*29' W. 

Number of pbotographa: 2. 

Photograph scale : 1:47, 700. 

Focal length: 6 in. 

Date flown: July 11, 1951. 

Map reference: U.S. Geol. Survey Mount McKinley aheet, 
scale 1:250,000. 

Features illustrated (set nos. Alaska IS A-B in south- 
west comer oj photographs). — Photographs show debris- 
mantled glacier in deep northeast-trending U-shaped 
valley about 12 miles above terminus. Highly contorted 
debris-covered bands alternate with bands of clear ice. 
Moraines are pockmarked with innumerable melting 
pits. Talus cones and avalanche chutes on steep valley 
walls. Large debris-covered tributary glaciers join 
south side of main ice stream to continue down glacier 
as debris-covered bands. Small glaciers are in head- 
waters of valleys draining northward from narrow 
bedrock divide (aretes, horns) on north side of Muldrow 
Glacier (A. T. Fernald, written commun., 1964). 

Alaska 14. Debria-corered lermlaaa of Muldra* Glader 

Lat 63*24' N.; long 150*33' W. 

Number of photographs: 3. 

Photograph scale: 1 : 40,000. 

Focal length: 6 in. 

Date Sown: Aug. 17, 1662. 

Map reference; U.8. Geol. Survey Mount McKinley sheet, 
Male 1 : 250,000. 

Features illustrated (set nos. Alaska 14 A-C in south- 
east comer of photographs). — These photographs taken 
in mid-August show melt-water ponds and streams on 
pitted ablation moraine. One stream is ice marginal; 
another follows a narrow flotid plain within the area of 
debris-covered ice. A moraine parallels the north edge 
of the terminal lobe, and a valley train with conspicuous 
braided channels extends west from the terminus (A. T. 
Fernald, written common., 1964), The bluff on the 
north side of the ice-marginal stream is loess, probably 
blown from the surface of the adjacent outwa.sh plain. 



Alaska 16, Rapid advaace of Suaiiaa Glader, 1662-66 

I^t 83*27' N.; long 147*08' W. 

Number of pbotognpha: 4. 

Photograph ooale: 1:40,000. 

Focal len^b: 8 in. 

Date flown: Sept. 9, 1949; July 3, 1984. 

Map reference: U.S. Geol. Survey Uealy B-1 and C-1 quad- 
rangles, scale 1 : 63,360. 

Geology reference: Poet, A.S., 1980, The exeeptional advances 
of the Muldrow, Black Rapids, and Susitna Gladers: Jour. 
Geophys. Research, v. 65, no. 11, p. 3703-3712. Harrison, 
A. E., 1984, Ice surges on the Muldrow Glacier, Alaska: Jour. 
Glaciology, v. 5, no. 39, p. 385-388. 

Features illustrated. — The 1949 photographs (set nos. 
Alaska 15 C-D in northeast comer) show collapsed ter- 
minal segment of glacier ending in a broad outwaah 
plain. The surface is debris covered and has many con- 
spicuous circular ponds. Patches of bare ice appear 
about 4 miles back from the terminus. There is a con- 
spicuous trimline on the valley sides. The 1954 photo- 
graphs (set nos. Alaska IS A-B in southeast comer) 
show that the surface features in the active (bare) part 
of the glacier have been displaced down valley more 
than 2 miles. Part of the stagnant terminal area was 
not overwhelmed, and some of the circular ponds 
showed little change during this interval. The surge 
probably occurred in 1952 or 1953. The surface of the 
upper part of the glacier, east of area shown in these 
photographs, is covered by a similar “before and after” 
set. (See Alaska 16.) 

Alaska 18. Laweriag of sorface of Sositaa Glader, 1682-66 
Ut 63*28' N.; long 148*40' W. 

Number of photographs; 4. 

Photograph scale; 1 : 40,000. 

Focal length: 8 in. 

Date flown: Aug. 29, 1949; July 3, 1954. 

Map rcforcQOe; 11.8. Ged. Survey Mount Hayes B-6 and C-8 
quadrangles, scale 1 : 83,360. 

Gedogy reference: Poet, A. S., 1960, The exceptional advances 
of the Muldrow, Black Rapids, and Susitna Glaeiere; Jour. 
Geophys. Research, v. 85, no. 11, p. 3703-3712. 

Features illustrated. — The 1949 photographs (set nos. 
Alaska 16 A-B in northeast comer) show snow-covered 
smooth surface of upper part of Susitna Glacier. The 
area shown is about IS miles from terminus and includes 
several ice streams and many nunataks. The main 
trunk of Susitna Glacier leaves the area shown in 
northwest quadrant of photograph 16 A. The 1954 
photographs (set nos. Alaska 16 C-D in southeast comer; 
photograph 16 C copers mosf oj area shown in photo- 
praph 16 A) show that the surface of the glacier has 
been lowered about 200 feet and Is intensely crevossed. 
This lowering probably occurred in 1952 or 1953 in 
association with the surge of the ice near the terminus. 
(See Alaska 15.) 
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A)«lw 17. Yakaa-Tmaan* pinga* 

Lat 63*29' N.; long 141*57' W. 

Number of photagrapba: 2. 

Photograph aeale: 1 : 43,000. 

Focal length: 6 in. 

Date flown: Sept. 14, 1948. 

Map reference: U.S. Geol. Survey Tanacroes B-2, B-3, C-2, 
and C-3 quadrangles, scale 1 : 63,360. 

Geology reference: Holmes, G. W., Hopkins, D. M., and Foster, 
H. L., 1967, Distribution and age of pingos of interior Alaska: 
Natl. Acad. Sei. Intemat. Conf. Permafrost, Proc., Purdue 
Unlv., November 1963. 

Feature* iUuttraUd {set not. Alatka 17 A-B tn lovih- 
eeut comer oj photograph*). — These pingos in the 
Yukon-Tanuia upland are on the lower valley wall 
and valley floor of tributariee to Dennison Fork. The 
mounds are roughly circular in plan. Some are undis- 
turbed and some partly slumped ; one has a round pond 
in the center. These pingos are shown in figure 7 of the 
paper referred to above. 

Alaska 18. Glaciers wilkIn and adjacent la Katmai Caldera 

Lat 58*16' N.; long 164*58' W. 

Number of photographs: 5. 

Photograph scale: 1:42,400. 

Focal len^: 6 in. 

Date Sown: Aug. 23, 1951. 

Map reference: U.S. Geol. Sxirvey Mount Katmai A-3, A-4, 
B-3, and B-4 quadrangles, scaie 1 :63,360. 

Geology reference: Muller, E. H., and Coulter, H. W., 1957a, 
Incipient glacier development within Katmai caldera, Alaska: 
Jour. Glaciology, v. 3^ no. 21, p. 13-17. 1957b, The Knife 
Creek glaciers of Katmai National Monument, Alaska: Jour. 
Glaciology, v. 3, no. 22, p. 116-122. 

Feature* iUuetrated {eet no*. AIa*ka 18 A-E in 
northuxet comer oj photograph*). — Crater I.«ke in 
Katmai Caldera (east half of photograph 18 B), 
formed during the 1912 eruption of Mount 
Katmai, contains small post-1912 glaciers on the north 
and south rims. The Knife Creek glaciers (west of lake) 
appear to be static. The terminus of Fourth Glacier 
(southwest comer of photograph 18 A) has not moved 
since 1912, and upper part of glacier near caldera rim 
has thinned. The glacier was beheaded by the eruption 
and lost its source area. The ice tongues on the south 
slope of Mount Katmai (photograph 18 D) end in 
small valleys that descend steeply to the alluvial plain 
of Katmai River. 

Alaska It. Oulwaak plala of Tnatumena Glacier 

Lat 60*04' N.; long 150*35' W. 

Number of pbotographs: 3. 

Pbotogreph scale : 1 : 39.000. 

Date flown: July 17. 1050. 

Map reference: U.S. Geol. Survey Kenai (A-2) quadrangle, 
•eale 1:63,300. 



Geology reference: Karlatrom, T. N. V., 1964. Quaternary 
geology of the Kenai lowland and ^eial hiatory of the Cook 
Inlet region. Alaska: U.S. Geol. Survey Prof. Paper 443, 60 p.; 
aee fig. 0. 

Feature* illuetrated (*et nos. Alaska 19 A-C in south- 
east comer oj photographs). — Bare surface of the glacier 
ice has complex patterns of crevasses. The glacier 
diverts a small stream across a former interfluve. A 
compound moraine can be seen just beyond the glacier 
terminus, and a third moraine closely parallels a part 
of the shore of Tustumena Lake. The braided channels 
of the outwash plain are conspicuous. The bedrock is 
graywacke, argillite, and similar rocks of Cretaceous 
age and is highly folded and fractured. A small rock- 
basin lake lies about a mile north of the glacier (south- 
east quadrant of photograph 19 C). 

Alaska 36. Wortkiogtan Glacier nertheast of Valdes 

Lat 61*10' N.; long 145*45' W. 

Number of photographs: 4. 

Photograph aeale: 1 : 40,000. 

Focal len^h: 6 in. 

Date flown: Aug. 12, 1950. 

Hap referenoa: U.S. Geol. Survey Valdes (A-5) quadrangle, 
aeale 1 : 63,360. American Geographical Society, 1960, Worth- 
ington Glacier, Alaska, sheet 5 of nine glacier maps, north- 
western North America: Am. Oeog. Soc., Spec. Pub. 34, 
aeale, 1:10,000. 

Geology reference: Coulter, H. W., and Coulter, E. B., 1961, 
Geology of the Valdes (A-5) quadrangle, Alaska: U.S. GeoL 
Survey Geol. ()uad. Map GC|-142. 

Features illustrated {set nos. Alaska tO A-D in south- 
east comer oj photographs). — Worthington Glacier, ap- 
proximately 4 miles long, descends eastward from a 
broad nfvf field to a bifurcated terminus (near center 
of photograph 20 B). Morainal deposits extend about 
1,600 feet beyond the terminus. The largest spruce 
tree on the outer loop of this moraine has 65 annual 
rings. The small cirque glaciers on the surrounding 
mountains sad the large glacier about 3 miles to the 
north (southwest quadrant of photograph 20 D) show 
conspicuous bare moraines apparently formed during 
the current retreat. Ar6tes and horns are conspicuous. 
Bedrock is phyllitic graywacke that shows a conspic- 
uous east-west grain. 

Alaska 21. Marisa tarracaa on Middlalon Island 

County: Third Judicial Division. 

Lat 59*26' N.; long 146*20' W. 

Nximbcr of photographs: 2. 

Photograph scale: 1 : 40,000. 

Focal length: 6 in. 

Date flown: Sept. 14, 1955. 

Map reference: U.S. Geol. Survey Middleton Island (B-7) 

quadrangle, scale 1:63,360. 
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Geology reference: Miller, D. J., 1953, Late Ccnosoic marine 
glacial sediments and marine terraces of Middleton Island, 
Alaska: Jour. Geology, v. 61, no. 1, p. 17-40; geol. map (fig. 2), 
scale 1:40,000. 

Features illustraUd (set nos. Alaska tt A-B tn north- 
west corner oj photographs). terrace leveb 10- 
105 feet above present sea level are clearly shown. 
Intervening raised sea cliffs are precipitous. The bed* 
rock is a Pliocene or Pleistocene sequence uf slightly 
to moderately indurated marine clastic sediments that 
dip about 25® NW. 

Alaska 22. Della aad grooved drift near stagnant margin of 
Malaipina Glader 

Let 50*58' N.; long 141*15' W. 

Number of photographs: 2. 

Photograph scale : 1 : 40,000. 

Focal length: 6 in. 

Date flown: June 30, 1948. 

Map reference : U.S. Gool. Surv'cy Icy Bay sheet, scale 1 : 250,000. 
Geol(^ rcferoiico: Plafker, George, and Miller, D. J., 1958, 
Glacial features and surfioial deposits of the MaUu^pina district, 
Alaska: U.S. Oe<^. Survey Mine. Geol. Inv. Map 1-271, scale 
1:25,000. 

Features illustrated (set nos. Alaska SS A-B in north- 
west comer oj photographs). — A subglacial stream 
(Yahtse River) emerges from Malaspina Glacier (near 
center of photograph 22 A) and flows westward to empty 
into Icy Bay where it has built a small delta. North and 
south of the river are ridg^ of drift that rise above the 
outwash plain. SoutheasUtrending grooves across these 
ridges show that they Imve been overridden by souths 
eastward-moving ice — probably an advance of the 
Guyot Glacier between 1700 and 1791 A.D. The south- 
trending band of braided channels and the scattered 
trees and shrubs along the vegetation-covered west 
margin of the glacier (near southwet^t edge of photo- 
graph 22 A) is the abandoned channel of Yahtse River. 
The river used this channel when Icy Bay was blocked 
by Guyot Glacier. Stagnant crevassed ice and ablation- 
moraine-covered pitted ice are shown in east half of 
photograph 22 A. Near southwest edge of exposure, the 
ablation moraine is partly covered by vegetation. 

Alaska 23. Deformed mor^nea of Malaspina Glacier 

Lat 60*06' N.; long 140*35' W. 

Number of photographs: 2. 

Photograph scale: 1 : 40,000. 

Focal length: 6 in. 

Date flown: June 30, 194K. 

Map refertmee: U.S. Geol. 8ur\*ey Mount St. EUaa sheet, 

scale 1:25U,(HM). 

Geology reference: Plafker, George, and Miller, D. J., 1958, 
Glacial features and surfleial deposits of the .Malaspina district, 
Alaska: U.S. Geol. Sur\cy Misc. Ged. Inv. Map 1-271, scale 
1:125,000. Sharp, R. P., 1958, Malaspina (Uacier, Alaska: 
Geol. Soc. .America Bull., v. 69, p. 617-646. 



Features illustrated (set nos. Alaska 2$ A-B in north- 
west comer oj photographs). — Moraine bands on the 
surface of Malaspina Glacier just west of its jimction 
with Seward Glacier (east comer of photograph 23 A) 
which supplies more than two-thirds of the ice in this 
great piedmont glacier. Oily Lake and associated ponds 
(see Map 1-271) lie along the contact of the ice and 
the south slope of Samovar Hills. 

Alaaka 24. Ontwaab apron and foreated margin of Malaapinn 
Glacier 

Ut 59*43' N.; long 140*24' W. 

Number of photographs: 2. 

Photograph scale: 1:40,000. 

Focal length: 6 in. 

Date flown: June 20, 1948. 

Map reference: U.S. Gool. Survey YakuUt sheet, scale 
1:250,000. 

Geology reference: Plafker, George, and Miller, D. J., 1958, 
Glacial features and surficial deposits of the Malaspina district, 
Alaska; U.S. Geol. Survey Misc. Geol. Inv. Map 1-271, scale 
1:25,000. 

Ftaiures illustrated (set nos. Alaska 24 A-B in north- 
loest coivter oj photographs). — A banded surface of bare 
glacier ice (northwest part of photograph 24 B, not in 
stereo) is separated from an outwoah apron fronting 
the Gulf of Alaska by a belt of forest-covered glacier 
ice nearly a mile wide. Active outwash streams have 
conspicuous braided channels and are bare. Recently 
abandoned outwash aprons, between active streams, 
are largely brush covered. Ancient beach ridges beliind 
the present-day shore support trees and shrubs. Stereo- 
scopic area is adjacent to Alder Stream west of Pouit 
Manby. 

Alaska 25. Maralnea and floating Cerminu of LHuya Glader 

Ut 58*42' N-; long 13r32' W. 

Number of photographs: 3. 

Photograph Mcale: 1:25,000. 

Focal length: 6 in. 

Date flown: Aug. 11, 1959. 

.Map reference: U.S. Geol. Survey .Mount Fairweather »heet, 

scale 1:25a 000. 

Geolog.v reference: Miller, D. J., I960, Giant wave* in Liluya 

Bay, Alaaka: U.S. Gt‘ol. Survey Prof. Paper 354-C, p. 51-86. 

Features illustrated (set nos. Alaska 26 A-C in norih- 
\ east comer oj pKfAographs) . — Lituya Glacier, which has 
prominent medial and lateral moraines, flows down the 
southwest »loi)e of the Fairweather Range and then 
turns southeast into Liluya Bay. The terminal part of 
the ice is float ing— a tidal glacier — and has a crevasse 
pattern different from that upstream. Material has slid 
down the steep valley walls and out onto the ice. 
Perhaps the dLsconlimious medial moraine on the inside 
of the bend in the glacier originated from such a land- 
slide. On the sleep walls of the bay just beyond the 
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glacier terminus is the trimline or up|>er limit of destruc- 
tion of forest by a giant wave caused by a landslide 
(east of glacier terminus) during the 1958 earthquake. 

Alaska 2A. CrlUon Glacier: CalTing termlaas of North 
Crillon Gtocier 

Lat 58®40' N.; long I37“28' W. 

Number of photographs; 3. 

Photograph 8calc: 1 :25,000. 

Focal length; 6 In. 

Date flown: Aug. 11, 1950. 

Map reference: U.8. Oeol. Survey Mount Fairwcalher sheet, 

scale 1:250,000. 

Geolog>’ reference: Miller, D. J., 1900, Giant wav'ea in Lituya 
Bay, Alaska; U.8. Geol. Survey Prof. Paper 354-C, p- 51-86- 

Feaiures illustraUd («cf nos. Alaska 20 A-C in mrth- 
east comer oj photograph9).^k stream emerging from 
beneath the glacier Is building a delta into Lituya Bay, 
a fiord. A part of the terminus Is grounded on the delta. 
The remainder, where the ice is floating, forms a reen- 
trant, and the glacier Is calving. Fractures in the ice 
curve around (he reentrant. Adjacent to the delta, the 
ice is lai^ely concealed beneath an ablation moraine. 
Beyond the terminus can be seen (he (rimline or upper 
limit of destruction of trees by a giant wave caused by 
a landslide into the bay during the 1958 earthquake. 
(Seti< Alaska 25-28 — Crillon Glacier — form a continuous 
series.) 

Alaska 27. Crllloa Glacier: Moralaea at inaction of North 
and South Crillon Glaclcra 

Ut SS«38' N.; long 13r27' W. 

Numt>er of photographs: 2. 

Photograph scale: 1 : 25,000. 

Focal length; 6 in. 

Date flown: Aug. 11, 1959. 

.Map rcf^s-ence: U.8. Geol. Siirwy Mount Fairweather Aheet, 

»cale 1:250,000. 

Geoiog>' reference: Miller, U. J., 1960, Giant wave® in Lituya 

Bay, AlaAku: U.8. Geol. Survey Prof. Paper 354-C, p. 51-86. 

Features illustrated {set nos, Alaska 27 A~B m north- 
east comer ojphotographs). — SouthCrillon Glacier (south- 
east half of photograph 27 A) flows west dowm the 
southwest slope of Fairweather Range. At the foot of 
the slope it divides; part flows southeast t<» Crillon 
l>ake and part norihwe.st to Lituya Buy. The nortliwest 
fork is joined by North Crillon Glacier; below thejunc- 
tion a medial moraine has formed. The lower part of 
the combined glacier is laj'gely covered with debris 
(ablation moraine). (Sets Alaska 25-28 — Oillon Glacier 
form a continuous sexies.) 

Alaska 28. CrlUon Glacier: Fairweather fault and terminus 
of South Crillon Glacier 

Ut 58®36' N.; long 137*25' W. 

Number of photographs: 3. 



Photograph scale: 1:25,000. 

Focal length: 6 in. 

Date flown; Aug. H, 1959. 

Map reference; U.S. Gool. Survey Mount Fairweather sheet, 
scale 1:250,000. 

Geology reference: Miller, D. J., 1960, Giant waves in Lituya 

Bay, Alaska: U.S. Geol. Survey Prof. Paper 354-C, p. 51-86. 

Features illustrated (set nos. Alaska 28 A-C in north- 
east comer oj ph^ytographs). — Torminus of South Crillon 
Glacier in ice-damned Crillon T>ake. Northea.st of the 
lake the trace of the Fairweather fault is clearly visible 
except where the fault crosses a small alluvial fan. 
This fresh scarp records fault movement on July 9, 
1958, about a year before this photograph was taken. 
Two small glaciers lie nortlieast of the lake. The 
western one Is completely covered by ablation moraine 
and appears to be cut off from its former ice source. The 
eastern one is deeply crevas.sod and is fed by an icefall. 
(Sets Alaska 25-28— Crillon Glacier- form a cuntinous 
series.) 

Alaska 29. Partly stagnant terminos af La Peranse Gladar 

Ck}unty: First Judicial Division. 

Lut 58*28' N.; long 137*09' W. 

Number of photographs: 3. 

Photograph scale: 1:25,000. 

Focal length: Gin. 

Date flown: Aug. 11, 1950. 

Map reference: U.S Geol. Survey Mount Fairweather sheet, 

scale 1:250,000. 

Features illustrated (set nos. Alaska 29 A-C in north- 
east comer oj phMographs) . — A narrow ice tongue 
descends the southwest slope of Fairweather Range 
(north quadrant of photograph 29 B) and spreads out 
as a small piedmont glacier having four or five small 
longues. Parts of the tongues ore covered with ablation 
moraine; the southeastemmost one is forested. The 
tongues are surrounded by wooded morainal ridges 
that have a conspicuous trindine and that darn small 
lakes. (H. W. Coulter, written commun., 1954.) 

AJatka 90. NnnaUks in Icefield near Castle Mountain 

Lat 56*57' N.; long 132*22' W. 

Number of photographs; 2. 

Photograph scale: 1:40,000. 

Focal length: Gin. 

Date flown: July 5, 1948. 

Map reference; U.S, Geol. Survey Petersburg Bhcct, scale 
1:250.000. 

Features illustraied (set no*. Alaska 30 A-B tn *ouM- 
east corner oj photographs). — Nunataks arc steep-sided 
j>eaks rising us much as 1,000 feet above the surface of 
the glacier, which is here flat to gently sloping. The ice 
Is largely snow covered except on the lower slopes of the 
]>eaks where l>elts of crevasses are conspicuous. Geo- 
grai>hic co(»rdinates given ab(»ve are approximate. 
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Aril. 1. Meirkk Bvtte and The Mitteas, Moaaoient Valley 

County: Navijo. 

Lat 36*59' N.; long 110*05' W. 

Number of photographs: 2. 

Photograph scale : 1 : 20,000. 

Focal length: 6 in. 

Date flown: Sept. 15, 1951. 

Map reference: U.S. Geol. Survey Agathla Peak 15>min quad- 

rangle, scale 1 : 62,500. 

Geology reference: Witkind, I. J., and Thaden, R. E., 1963, 
Geology and uranium-vanadium deposits of the Monument 
Valley area, Apache and Navajo Counties, Aritona; U.S. 
Geol. Survey Bull. 1103, 171 p.; geol. map (pi. 1), scale 
1:62,500. 

Feataru iUiutraUd (»et not. Ariz. I A-B in loutAeatt 
comer of photographs ). — These three "monuraents" — 
small buttee more than 1,000 feet high — are the 
erosional remnants of a once<ontinuous cover of sedi- 
mentary rocks. The most resistant unit in the strati- 
graphic sequence is a light-gray conglomeratic sand- 
stone, the Shinarump Member of the Chinle Formation ; 
a small cap of the Shinarump is still preserved on the 
flat top of Merrick Butte (southwest quadrant of photo- 
graph 1 A). The Shinarump is underlain by soft easily 
eroded reddish-brown shaly siltstone, the Moenkopi 
Formation, which forms slopes. The vertical walls of the 
monuments are the light-brown De Chelly Sandstone 
Member of the Cutler Formation. The broad flaring 
aprons around the bases of the monuments are under- 
lain by the easily eroded Organ Rock Tongue of the 
Cutler Formation. 

Arts. 2. AgaiUs Peak, a relcanie neck 

County: Nsvaio. 

L»t 36"50' N.; long 110M4' W. 

Number of photographs: 2. 

Photograph scale : 1 : 20,000. 

Focal length; 6 in. 

Date flown: Sept. 1$, 19S1. 

Map reference: U.B. Geol. Hurvey Agathla Peak Ifr-min quad 
rangle, scale 1:62,500. 

Geology reference: Witkind, I. J., and Thaden, R. E-, 1963, 
Geology and uranium-tanadium deposits of the Monument 
Valley area, Apache and Navajo Countiea, Arlsona: U.S. 
Geol. Survey Bull. 1103, 171 p.; geol. map (pi. 1), scale 
1:62,500. 

Features iUustraUd (set nos. Ariz. i A-B in southeast 
comer of photographs ). — This volcanic plug, about 1,4(K) 
feet higli, is the igneous rock that once filled the 
conduit (throat) of a volcano when the land surface was 
far above tlie present one. The sedimentary rocks that 
originally enclosed the plug were weaker than the igne- 
ous rock and have been eroded away. The de.serl sur- 
rounding Agathla Peak Is underlain by lenticular sand- 
stone and conglomerate of the Nfonitor Butte Member 
of the Chinle Formation. Owl Rock, a 500-foot needle 
of siltstone and sandstone with a small cap of Wingate 



Sandatone, rises from the surface of a prominent cuesta 
near west edge of the photographs. 

Arts. 3. Danes si base si Ceaib Ridge 

County; Navajo. 

Ut 36*51' N.; long 110*01' W. 

Number of photographs: 3. 

Photograph scale: 1:20, (XM). 

Focal length: 6 in. 

Date flown: Sept. 16, 1951. 

Map reference; U.S. Geol. Survey Agathla Peak and Dinnehotso 
15-min quadrangles, scale 1:62,500. 

Geology rrference: Witkind, I. J., and Thaden, R, E., 1963, 
Geology and uranium-vanadium deposits of the Monument 
Valley area, Apache and Navajo Countiee, Arisona: U.S. 
Geol. Survey BuU. 1103, 171 p.; geol. map (pi. 1), seale 
1:62,500. 

Features iliustrated (set nos. Ariz. S A-C in southeast 
comer of photographs ). — Comb Ridge is a north-facing 
cliff, capped by Navajo Sandstone, that dips southeast 
off the Agathla anticline. To the north, Little Capitan 
Valley separates the ridge from a dip slope on the De 
Chelly Sandstone Member of the Cutler Formation. 
The valley is floored with eolian sand that forms trans- 
verse dunes and barchans and buries the mouths of 
washes that drain into the valley from the north, such 
as the wash in Double Arch Canyon (northwest quad- 
rant of photograph 3 C). Small ephemeral lakes occur 
among the dunes. South of Comb Ridge the Navajo 
Sandstone is concealed beneath a sheet of eolian sand 
which forms longitudinal dune ridges. 

Arlx. 4. Lava flowa aad coaaa at Vulcaaa Tbroaa, Grand 
Canyan 

County: Coconino and Mohave. 

Ut 36*13' N.; long 113*07' W. 

Number of photograplu: 3. 

Photograph scale: 1:63,360. 

Focal length: 6 In. 

Date flown: June 2, 1953. 

Map reference: U.S. Geol. Survey Grand Canyon sheet, scale 
1:250,000. 

Geology reference: Gregory, II. E., 1932, Colorado Plateau 
region: Intemat. Geol. Cong., 16th, Washington, 1932, Guide- 
book 18, Excursions C-I and C-2, 38 p. 

Features iliustrated (set nos. Ariz. 4 A-C in southeast 
comer of photographs ). — The Aubrey Cliffs, capped by 
flat-lying Kaibab Limestone (Permian), border the east 
side of Prospect Valley (southeast quadrant of photo- 
graph 4 B), south of the Colorado River. Fault scarps 
cut alluvial fans along the west base of cliffs. Lava 
flotvs, chiefly north of the river on the edge of Tuweep 
Valley, spilled down the sides of the inner gorge to the 
river. Cinder cones both north and south of the river 
are alined with a fault scarp to the south. 
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AHt. S. Grand Canjon at Bright Aagal Creak 

County : Coconino. 

Lat 36"06' N.; long 112*06' W. 

Number of photographs: 3. 

Photograph scale: 1 :36.000. 

Focal length: 6 in. 

Date flown: Aug. 10, 1060. 

Map reference: U.S. Geol. Survey Bright Angel 16-min quad- 
rangle, ecale 1 : 62,600. 

Geology reference: Maxaon, J. H., 1061, Geologic map of the 
Bright Angel quadrangle, Grand Canyon National Park, 
Arisona: Grand Canyon Nat. History Aaeoc. Text on back 
of map. 

Fealura iUuMraitd (»et no$. Aru. B A-C in northeast 
comer 0 / photographs ). — The Granite Gorge, the Tonto 
Plateau, and the lower part of the waUa of the main 
canyon are shown in this triplet at whose center is the 
suspension bridge across the Colorado River just above 
the mouth of Bright Angel Creek. In the Granite Gorge 
near the southeast edge of photograph 5 B, the Zoroaster 
Granite can be seen adjacent to the Brahma Schist. 
In the west quadrant of the same photograph, the 
mesa on the north side of the gorge is capped by 
Tapeats Sandstone. To the north, Cheops Pyramid, 
capped by Redwall Limestone, is surrounded by gentle 
slopes underlain by Algonkian sedimentary rocks that 
rest unconformably on the Brahma Schist and are 
themselves overlain unconformably by the Tapeats 
Sandstone or Bright Angel Formation of Cambrian age. 

Axis. 6. Month of the Little Ceierede River 

County; Coconino. 

Let 36M0' N.; long 1U"47' W. 

Number of photographs; 3. 

Photograph scale: 1:60,000. 

Focal length: 6 in. 

Date flown: Oct. 11, 1655. 

Map reference: U.S. Geol. Survey Grand Canyon National 
Park, east half, scale 1:48,000. 

Geology reference: Gregory, H. E., 1932, Colorado Plateau 
region: Internal. Geol. Cong., 16th, Washington, 1933, Guide- 
book 18, EsCTiraions C-1 and C-2, 38 p.; geol. map (fig. 1), 
scale 1 : 734.000. 

Features illustrated (set nos. Artz. 6 A-C tn northeast 
comer oj photographs ). — The narrow and steep^sided 
canyon of the Little Colorado River (southeast quad- 
rant of photograph 6 B) is incised below a broad 
plateau of flat^lying Kaibab Limestone. Along the 
Colorado River north of the junction, the Redwall 
Limestone forms a narrow inner gorge close to the 
river. A high-angle fault that parallels the Colorado 
about 2 miles to the west separates Paleozoic rocks 
(Kaibab Limestone to Tonto group) on the east from 
Precambrian sedimentaiy rocks (Grand Canyon Series) 
on the west. 

O • «l • 1 



Arix. 7. DoMf ra Kxlblto PlalMS nortk of Moenkooi 

CkMinty: Ck>ooQiiu>. 

Ut 36*16' N.; long 111*11' W. 

Number of pbotograpbs: 3. 

Photograph scale: 1:20,000. 

Focal length: 6 in. 

Date flown: Oct. 9, 1962. 

Map reference: tJ.S. Geol. Survey Marble Canyon sheet, acale 
1:260.000. 

Geology reference: Hack, J. T., 1941, Dunes of the western 
Navajo Country: Geog. Rev., v. 31, no. 2, p. 240-263; see 6g. 2. 
Greg<^, H. E., 1917, Geology of the Navajo Country; U.8. 
GeoL Survey Prof. Paper 93, 161 p.; see p. 136-138. 

Features illustnUed (set nos. Aris. 7 A-C in soutKeast 
comer of photographs ). — Thin mantle of dune sand on 
Kaibito Plateau north of Moenkopi. Navajo Sandstone 
of Jurassic and Triassic(?) age is exposed in many 
places. Dune forms include active and fixed parabolic 
dunes, transverse dunes, and barchans. A stream valley 
partly filled with dune sand is visible near the east 
margin of photographs 7 B and 7 C. 

Arts. 8. Dbbss ob Msemkofi PlateaB 

County: Coconino. 

Ut 36*52' N.; long 111*10' W. 

Number of pbotogTBphs: 2. 

Photograph scale: 1 : 20,000. 

Focal length: 6 in. 

Date flown: Oct. 10, 1952. 

Map reference: UB. GcoL Survey Flagstaff sheet, scale 1 : 260,000. 
Geology referenoo: Hack, J. T., 1941, Dunes of the western 
Navajo Country: Geog. Rev., v. 31, no. 2, p. 240-263; sec 
fig. 18. 

Features illustrated (set nos. Ariz. 8 A-B in sovdKeast 
comer of photographs ). — Longitudinal and parabolic 
dunes near the edge of the plateau. Source of the sand is 
the sandstone at the plateau edge which has been eroded 
by running water and by sapping. The escarpment over- 
looks the edge of the Painted Desert in the southwest 
corner of photograph 8 A. 

Arte. 9. Sand dBoss sad floodwater faraUag, Jeddlts Valley 

County: Navajo. 

Ut 35*43' N.; long 110*17' W. 

Number of photographs: 3. 

Photograph scale : 1 : 64,000. 

Focal length: 6 in. 

Date flown: Feb. 20, 1964. 

Map reference: UB. Geol. Survey Flagstaff sheet, scale 1 : 260,000. 
Geology reference; Hack, J. T., 1941, Dunes of the western 
Navajo Country: Geog. Rev., v. 31, no. 2, p. 240-263; sec 
fig. 21. Hack, J. T., 1942, The changing physical environment 
of the Hopi Indians of Arisona; Harv'ard Unlv., Peabody 
Mus. Papers, v. 35, no. 1, 86 p. 

Features illustrated (set nos. Ariz. 9 A-C tn northeast 
forn^r of photographs ). — Antelope Mesa (northeast 
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quadmnt of photograph 9 B) is imderUin by Mesa- 
verde Sandstone and covered by a veneer of dune sand. 
Southwest winds predominate and parabolic dunes, 
open in that direction, cover much of the mesa. These 
dunes have vegetation on them and many are inactive. 
Active parabolic dunes occur on the mesa just south of 
the head of Tallahogan Wash (the ligiit-colored area 
just to east of center of photograph 9 B). The source of 
this sand is the alluvium in the valley to the northwest. 
Peach orchards and irrigated gardens are on the south 
slope of Tallahogan Wash. Jeddito Valley, south of 
Antelope Mesa, is eroded in Mancos Shale but contains 
a thick fill of sandy alluvium. Many cornfields are at 
tlie ends of southward-draining arroyos and are watered 
by floods that spread over them during occasional 
summer rains. 

Arix. 10. Sanxel Crater 

County: Coconino. 

Lat 35®22' N.; long 111®30' W. 

Number of photographs: 2. 

Photograph scale: 1:16,0CM). 

Focal length: S.25 in. 

Date flown: May 28, 1960. 

Map reference: U.S. Geol. Survey Flagstaff sheet, scale 
1:250,000. 

Geology reference: Cosber, O. J., 1962, Ground water in the 
Wupatki and Sunset Crater National Monuments, Coconino 
County, Arizona; U.B. Geol. Survey Water-Supply Paper 
1475- J, p, 357-374; geol. map (pi. 20), scale 1:63,360. 

Features Uluiiraled {set nos. Ariz. 10 A- Bin soxUheast 
comer oj photographs). — (.binder cone of late Pleistocene 
or Recent age surrounded by a plain largely mantled 
by cinders but including some outcrops of basalt. 
Northwest of the cone is the head of the Bonilo lava 
flow which issued from near the base of the cone. The 
rim of the cone is light colored because of oxidation by 
late fumarole activity. 

Arix. 11. LsBfUmdinsI, psrsbc4k. and transverse danes on 
Garcea Mesa 

County: Coconino. 

Lat 35®39' N.j long 110*55' W. 

Number of photographs: 3. 

Photograph scale : 1 : 54,000. 

Focal length: 6 in. 

Date flown: Feb. 19, 19.54. 

Map reference: U.S. Geol. Survey Flagstaff sheet, scale 
1:250,000. 

Geology reference: Hack, J. T., 1941, Dunes of the western 
Navajo Country: Geog. Rev., v. 31, no. 2, p. 240-263. 

Features illustrated {set nos. Ariz. 11 A-C in north- 
east corner of photttgraphs). — A bruad plateau rlse-s 100 
2(K) feet above the adjacent wide valleys traversed by 
meandering arroyos. Most of the area is covered by a 
thin sheet of dune sand w'hose source Is partly alluvium 



transported in the arroyos and partly the erosion and 
sapping of the sandstone that caps the mesa edges. 
The Sand Springs dune area shown in figure 16 of 
Hack's paper is the plateau whose edges are partly 
buried by climbing dunes in the southeast quadrant of 
photograph 11 C. Hack believes that the transverse 
dunes form where the greatest amount of sand is in 
motion, for example just to the lee (northeast) of the 
climbing dunes. Parabolic dunes form where there is 
somewhat less actively moving sand, and longitudinal 
dunes form where the rate of sand transport is least. 
The transverse dunes have no vegetation except in 
the troughs between them. The parabolic and longitude 
inal dunes have a sparse vegetative cover. Little sand 
is in motion in the darker gray areas between the dunes. 

Arix. 12. DUtremes near BldahodU 

County: Navajo. 

Lat 35*29' N.; long 110*06' W. 

Number of photographs: 3. 

Photograph scale: 1:64,000. 

Focal length: 6 in. 

Date flown: Feb. 24, 1954. 

Map reference: U.S. Geol. Survey Flagstaff sheet, scale 
1:250,000. 

Geology reference: Hack, J. T., 1942, Sedimentation and voU 
canism in the Hopi Buttes, Arizona: Geol. Soo. America 
Bull., V. 53, p. 335-372; sec fig. 8. 

Features illustrated {set nos. Ariz. IS A~C in north- 
east comer of photographs). — Photograph 12 B shows 
many buttes and mesas. In general, the darker colored 
ones are basalt and the lighter colored ones are dia- 
tremes, such as the light-colored butte in the northw’est 
corner of this exposure. A second diatreme, Hack's 
2, is at the west end of a small basalt mesa (about 
1 in. south-southwest of center of north edge of same 
exposure). This diatreme is about 3(X) feet in diameter. 
Its walls flare widely and the beds dip inward. The 
filling is mostly well stratified basalt tuff. Hack's dia- 
treme 4 is at the south end of a basalt mesa about due 
east of the center of photograph 12 B. 

Ariz. 13. Colorado Platcan and Canyon Diablo near Meteor 
Crater 

County: Coconino. 

Lat 35*04' N.; long 111*02' W. 

Number of photographs: 2. 

Photograph scale : 1 : 40,000. 

Focal length: 0 In. 

Date flown; Sept. 20, 1948. 

Map reference: U.S. Gcol. Survey Flagstaff sheet, wale 
1:250,000. 

Geology reference: Shoemaker, E. M., 1960, Penetration 
mechanics of high velocity meteorites, illustrated by Meteor 
Crater, Arizona: Internal. Geol. Cong., Copenhagen, 

1960, Kept., pt. 18, p, 418-434; geol. map (fig. 1), scale 
1:284,000. 
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Features illustrated {set nos. Ariz. IS A -B in south- 
east comer oj photographs). — Canyon Diablo (west part 
of photographs) is carved in the nearly horizontal Kai- 
bab Limestone (Permian), which also underlies wide 
areas in the northeast third of photograph 13 B. The 
Moenkopi Formation, which is siltstone and sandstone 
of Triassic age overlying the Kaibab, forma the darker 
toned, nearly level surface of the Colorado Plateau 
around Meteor Crater and extends to within a mile or 
less of Canyon Diablo. Two sets of vertical joints, 
trending northeast and northwest, affect the drainage 
pattern in areas of Kaibab Limestone. Shoemaker as- 
cribes the square, somewhat octagonal shape of Meteor 
Crater to control by joints; the joint systems that exert 
the strongest influence on the drainage appear to have 
been of only .secondary importance in the cratering 
process. Arizona 14 shows the crater at a larger scale. 



Butte, SE 7^ -naio quadraaglea, scale 1:24,000. 

Geology reference: Bryan, Kirk, 1922, Erosion and sedi- 

mentation in the Papogo country, Arisons: U.S. Geol. Survey 
Bull. 730, p. 19-90. Tuan, Yi-Fu, 1959, Pediments in south- 
eastern Arixona: California Univ. Pubs, in Geography, v. 
13, 163 p. 

Features iliustrated (set nos. Ariz. to A-C in south- 
east comer oj photographs). — These photographs slinw 
the piedmont slope on the nortliwest side of the Sacaton 
Mountains. Dry braided channels outlined by desert 
shrubs are conspicuous. The channels curve around 
small bedrock hills. The form of thb piedmont is well 
shown by comparing these excellent photographs with 
the detailed topographic maps, mentioned above, that 
have a 10-foot contour interval. Most of the piedmont 
is mantled by alluvium. It is nut possible to detennine 
on the photographs whether or not the small bedrock 
hills are surroimded by a narrow pediment. 



Arix, 14. Meteor Crater 

County: Coconino. 

Lat aS’02' N.; long lll®0r W. 

Number of photographa: 2. 

Photograph scale: 1:15,000. 

Focal length: 6 in. 

Date floa'n: Aug. 29, 1963. 

Map reference: U.8. Geol. Survey Flagstaff sheet, scale 

1:250,000. 

Geology reference: Shoemaker, E. M., 1960, Penetration 

mechanics of high velocity meteorites, Ulustratecl by Meteor 
Crater, Arisona; Intemat. Ge<A. Coug., 21st, Copenhagen, 
I960, Kept., pt. 18, p. 418-434; geol. map (fig. 2), scale 
1:24,000. 

Features illustrated {set nos. Ariz. 14 A^B in south- 
east corner oj photographs). — Meteor Crater b about 
600 feet deep and three-quarters of a mile in diameter. 
At the larpe scale of these photographs, the rim, which 
rises 100-200 feet above the surrounding plain, b seen 
to have a hummocky surface with scattered large 
ejecta blocks. The area mantled by debrb thrown from 
the crater can be dbtingubhed from tlie alluvUl surface 
of the surrounding plain. There b a borrow pit in tJie 
rim near the southwest comer of the crater. Beds 
ex|K)sed in the crater walb dip outward away from the 
crater, roughly parallel witJt tlie surface. The talus 
slopes below llie outcrops show centripetal drainage. 
The central part of the floor b flat and b underlain by 
playa beds. Arizona 13 sJiows the crater and adjacent 
Canyon Dbblo at a smaller scale. 

Ariz. 15. Braided channels on Sacaton Mountain piedmont • 

County: Pinal. 

Lot 33®0r X.; long Ul®53' W. 

Number of photograplks: 3. 

Photograph scale : 1 : 20,000. 

Focal length; 8.25 in. 

Date flown: Dec. 21, 1957. 

reference: U.8. Geol. Survey Sacaton BuUc and Gila 1 



Aril. 16. Sacaton MounUiiu, an Inaelberge 

County: Pinal. 

Ut 33®02' N.; long 111*60' W. 

Number of photograpns: 3. 

Photograph scale; 1 :60,000. 

Focal length: 6 in. 

Date flown: Apr. 29, 1953. 

Map reference: U.S. Geol. Survey Gila Butte, Caaa Grande, 
Sacaton, and Signal Peak 15-min quadrangles, scale 1:62,500. 
Geology reference: Bryan, Kirk, 1922, Erosion and sedimenta- 

tion in the Papago country, Arizona: U.S. Geol. Surx'ey Bull. 
730, p. 19-90. Tuan, Yi>Fu, 1959, Pediments in southeastern 
Arizona: California Univ. Pubs, in Geography, v. 13, 153 p. 

Features Ulusirated {set nos. Ariz. 16 A-C in north- 
east comer oj photographs). — Since Kirk Bryan Aral 
applied the term "mountain pediment’* to the pied- 
mont that surrounds the Sacaton Mountains, the origin 
of thb and similar features has been widely discus-sed. 
These small-scale photographs sliow the north half of 
the mountains and the adjacent piedmont from Santa 
Cruz wash on the west to the fl(>od plain of l^iltlc Gila 
River at Sacattm. The entire piedmont b traversed by 
closely spaced stream channels. 

Ark. 1. Choctaw anticliBe 

County: Scott. 

Lat 34*55' N.; tong 94*12' W, 

Number of photographs: 3. 

Photograph scale: 1 ; 25,000. 

Focal length: Gin. 

Date flown: Nov. 9, 1957. 

Map reference: U.6. Geol. Survey Waldron IS-mln quadrangle, 

scale 1:62,500. 

Geolc^ty reference: Reinemund, J. A., and Danilchik, Walter, 

1957, Preliminary geologic map of the Waldron quadraofdc 
and adjacent areas, Scott County, Arkansas: U.S. Geol. 
Survey Oil and Gas Inv. Map OM-192, scale 1:48,000. 

Features illu^rcded {set nos. Ark. / A-C in southu'est 
comer oj photographs). — The concentric ridges in the 
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south half of photograph 1 A are largely siltstone and 
sandstone separated by narrow valleys carved in clay- 
stone (Atoka Formation of Pennsylvanian age). The 
rocks are a part of the east-plunging Choctaw anti- 
cline. In the south half of photograph 1 C a small syncline 
is superposed on the south limb of the anticline. The 
flood plain of Poteau Kiver (north Half of photographs) 
is hemmed in by sandstone ridges. 

Ark* 2. Atkens pisisan sad NsraeuUte D|^ 

County: Polk and Howard. 

Lat 34®22' N.; long 94®01' W. 

Number of photographs: 3. 

Photograph scale : 1 : 23,600. 

Focal length: 6 in. 

Date flown: Feb. 17, 1955. 

Map referenoe: U.S. Gcol. Survey Umpire l&-min quadrangle, 

scale 1:63,500. 

Geology referenoe: Miser, H. D., and Purdue, A. H., 1920, 
Geology of the De Queen and Caddo Gap quadrangles, 
Arkansas: U.S. Geol. Survey Bull. 808, 195 p.; geol. map 
(pi. 3), scale 1:125,000. 

Features illustrated (set rtos. Ark. 2 A-C in southeast 
comer oj — Closely folded Stanley Shale of 

Mississippian age forms a piedmont plateau (photo- 
graph 2 A) that has a pronounced east-trending grain 
and is dissected to a depth of about 100 feet. To the 
north, west-plunging anticlines of closely folded Arkan- 
sas Novaculite of Devonian age form east-trending 
ridges as much as 500 feet high. The ridges mark the 
southern limit of the Novaculite uplift. The Blaylock 
Sandstone of Silurian age is exposed in some of the 
anticlinal ridges in the north part of photograph 2 C. 

Ark. 3. Ptuaginf aatieUne at Hot Springs 
County: Garland. 

Lat 34®31' N.; long 93®06^ W. 

Number of photographs: 3. 

Photograph scale: 1 : 18,000. 

Focal length: 6 in. 

Date flown: Apr. 9, 1965. 

Map reference: U.S. Geol. Survey Hot Springs and vicinity 
15-roin quadrangle, scale 1:62,500. 

Geology referenoe; Purdue, A. H., and Miser, H. D., 1923, 
Description of tne Hot Springs dislriet, Arkansas: U.S. Geol. 
Survey Geol. Atlss, Folio 215, geol. map, scale 1^62,500. (Out 
of print.) 

Features iUustraled {set nos. Ark. S A-C in northeast 
comer oj pKotagra'ph^. — Sugarloaf Mountain (north 
half of photograph 3 A) and West Mountain (south 
half of same photograph) are held up by Arkansas 
Novaculite (Devonian) on the limbs of a southwest- 
plunging anticline. The novaculite on the nose of the 
fold passes beneath the body of water in the southwest 
corner of photograph 3 B. Stanley Shale (Mississippian) 
forms the lowlands surrounding the mountains, and 
Bigfork f'hert (Ordovician) forms the intermonlane 
valley. The two ridges of Sugarloaf Mountain north- 



east of the road that crosses it owe their existence to a 
minor fold on the north limb of the anticline. 

Ark. 4. QntrriM aad atrip mines in tke Arkmiuma bauxite 

r^ea 

County: Pulaaki. 

Let; 34M1' N.; long 92**16' W. 

Number of photographs: 4. 

Photograph scale : 1 : 18,(XX). 

Focal length: 6 in. 

Date flown: Mar. 2, 1960. 

Map referenoe: U.S. Geol. Survey Little Rock 7>rinin quad- 
rant, scale 1:24,000. 

Geology reference: Gordon, MacKensie, Jr., Tracey, J. I., Jr., 
and EUis, M. W., 1958, Geol<^ of the Arkanasa bauxite re- 
^on: U.S. Geol. Survey Prof. Paper 299, 268 p.; geol. map 
(pi. 1), scale 1:31,680. 

Features iUusiraUd {set nos. Ark. 4 A-D in northeast 
comer oj photographs). — Smooth wooded hills of neph- 
eline syenite and related igneous rocks are overlain and 
surrounded by lower Tertiary sand and clay. The 
bauxite occurs as discontinuous blanketUke deposits on 
the w'eathered surface of the nepheline syenite and 
nearby in the rocks of the Coastal Plain province. A 
large quarry in syenite is visible in the northwest quad- 
rant of photograph 4 B. Bauxite strip mines are con- 
spicuous in the east half of photograph 4 C. 

Calif. 1. Mudflow levees o» Sksslias 

CTouniy: Siskiyou. 

Lat41®25' N.;long 122'»14' W. 

Number of photogrupha: 2. 

Photograph scale: 1 :20,(XK). 

Focal length: 8.25 in. 

Date flown: Aug. 23, 1944. 

Map reference: U.S. Geol. Survey Shasta 15-min quadrangle, 
scale 1 : 62,600. 

(Geology reference: Williams, Howd, 1932, Mount Shasta, a 
Cascade volcano: Jour. Geology, v. 40, no. 6, p. 417-429. 

Features Ulusirated (set nos. Cdtxj. I A-B in southeast 
comer oj pAotoj/ropAs).— These mudflow levees on the 
northwest slope of Shastina, the cone just west of Mount 
Shasta, extend from the bare debris-covered slope dowm 
into the forest. Some levees are forested in their lower 
courses and are ancient; others are bare and mark 
channels dow*n which debris ha,s moved in recent years. 

Calif. 2. Summit cone sf Mount ShasU 

County: Siskiyou. 

Lat 4l®25' N.; long 122*12' W, 

Number of photographs: 4. 

Photograph scale: 1:20,000. 

Focal length; 8.25 in. 

Date flown: Aug. 23, 1944- 

Map reference: U.S. Geol. Survey Shasta l^inin quadrangje. 

scale 1 ; 62,500. 

Geology reference: Williams, Howel, 1932, Mount Shasta, a 

Cascade volcano: Jour. Geology, v. 40, no. 6, p. 417-429- 
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Feaiurei iUugtraUd {set noa. Calif. 2 A-D in aoutheast 
comer of photoffraphs). — The mimmit, altitude 14,162 
feet, includes several rocky crags above a central plat- 
form. The adjacent rubble-mantled slopes of the volcano 
are at an angle of about 35^, and the angle decreases 
gradually downward to the heads of the glaciers that 
are most extensive on the north and east sides of the 
rone. Bei^schrunds and other crevasses are conspicuous. 

Calif, t. Little Glass Meantain dome 

County: Siskiyou. 

Lat 41®34' N.; long 121®41' W. 

Number of photographs: 3. 

Photograph scale: 1:30,000. 

Foeal length: 8.35 in. 

Date flown: A\ig. 35, 1055. 

Map reference: U.8. Oe<^. Survey Medicine Lake 15-min 
quadrangle, scale 1 : 63,500. 

Geology reference: Anderson, C. A., 1941, Volcanoes of the 
Medicine Lake Hi^dand, California: California Univ. Pubs. 
Geol. Sei., v. 25, no. 7, p. 347-422; map, scale 1:30,000. 

Features iUusiraUd {set nos. Calif. S A-C tn eoutheati 
comer of photographs), — The rhyolite obsidian flows of 
Little Glass Mountain present a wrinkled appearance 
pocked here and there by small depressions presumably 
formed by small steam explosions. The source of the 
lava is well marked by an upward bulge of the last 
extruded material, too viscous to flow outward. The 
edge of the dome is a steep talus-covered wall more than 
100 feet high. The surrounding lowlands are forest 
covered. 

Calif. 4. Gtaes Mountain dlMddUn flewe and demee 

Cotmty: &akiyou. 

L*t 41*36' N.; long 121*30' W. 

Number of phoiographe: 4. 

Photograph scale : 1 : 20,000. 

Foeal length: 8.25 In. 

Date flown: July 31, 1955. 

Map reference: U.8. Geol. Survey Medicine Lake and Timber 
Mountain 15-min quadrangles, scale 1 : 02,500. 

Geology reference: Anderson, C. A., 1941, Volcanoes of the 
Medicine lake Highland, Califomis: California Univ. Pubs. 
Geol. Sei., v. 35, no. 7, p. 347-422; map, scale 1:30,000. 
See plates 5b and 0. 

Features iliustrated {set nos. Calif. 4 A-D in southeast 
comer of phoU>graphs) . — These spectacular )>hot(^^phs 
show that Glass Mountain (photograph 4 B) consists 
of two obsidian flows, the younger of which runs north- 
east from a summit dome. Flow structure and steep 
margins of flows are well shown. The older Hoffman 
flow lies to the west and supports a moderate growth of 
pines. Its vent, Mount Huffman, is outside the area of 
the photograph. The white pat^^hes on the Hoffman 
flow are pumice that has filled depressions on the flow 
surface. A line of small domes trends N. 30* W. from 
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Glass Mountain. The flows are probably less than 1,000 
years old. 

Calif. 5. Dames and nndflewi at Lassen Peak 

County: Sbasts^ 

Lat 40*30' N.; long 131*30' W. 

Number of photographs: 3. 

Photograph scale: 1:60,000. 

Focal len^: 6 in. 

Date flown: Sept. 30, 1953. 

Map reference: U.S- Geol. Survey Lassen Volcanic National 
Park and vicinity, ecale 1:62,500. 

Qec^ogy reference: WUliams, Howel, 1932, Geology of the 
T * 11 **’* Volcanic National Park, California: California Univ. 
D^t. Gecd. Sd. Bull., v. 21, no. 8, p. 195-385; geol. map, 
aeale 1:48,000. 

Features iUustraUd {set nos. Ccdif. 5 A-C in nor#^- 
east comer of photographs). — Lassen Peak is described 
by Williams as an elevated crater fllling or plugdome 
surrounded by great banks of talus. Crescent Crater, 
about a mile northeast of the peak, is a parasitic vent. 
Chaos Crags, about 2 miles north-northwest of the 
peak, are cylindrical bodies of viscous daoite from whose 
northwest side came a great avalanche known as Chaos 
Jumbles (northwest corner of photograph 5 B). In 1915, 
Lassen Peak erupted a small mass of lava and generated 
several large mudflows on its northeast flank that 
devastated a broad area for a distance of about 3 miles 
from the peak. 

Calif. 6. YoMmite Valley: Demos and gUdal feetaree in UtUe 

Teaemite Talley 

County: Mariposa. 

Lat 37*44' N.; long 119*31' W. 

Number of photographs: 3. 

Photograph scale: 1:47,000. 

Focal length: 6 in. 

Date flown: Aug. 26, 1955. 

Mi^) reference: U.S. Oeol. Survey Hetch Hetchy Reservoir, 
Yosemite, Tuolumne Meadows, euid Merced Peak l^min 
quadrangles, scale 1 62,500. 

Geology reference: Malthes, F. E., 1930, Geologic history of 
the Yosemite Valley: U.S. Ged. Survey Prof, Paper 160, 137 p. 
Glacial features shown on pi. 29, bedrock geology on pi. 51. 

Features illustrated {set nos. Calif. 6 A-C in north- 
east comer of photographs). — .Joints in the massive 
granitic bedrock (Half Dome Quartz Monzonite^ are 
widely spaced. Exfoliation (suggested by arches near 
northwest corner of photograph 6 C) ha-s produced 
many domes. The shape of Half Dome (northwest of 
center phoU>graph 6 B) has been attributed to glacier 
ice in Tanaya (Yeek valley that sliced away its north- 
west part. Nevada Fall of Merced River (2 in. south- 
west of center of east edge of photograph 6 A and south 
of Liberty Cap, a small dome) and Vernal Fall (nearly 
an inch farther west on photograph) are parts of 
Malthes' "glacial stairway." Lateral moraines on the 
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north side of little Yosemite Valley (northeast quadrant 
of photograph 6 B) that divert Sunrise Creek westward 
were deposited when the terminus of the glacier was 
far west down Yosemite Valley. Loop moraines on the 
valley floor (just southeast of center of photograph 
6 B) were left during retreat of the ice fmnt. (Calif. 6 
and 7 are continuous.) 

CaUf. 7. Yoeemite yalleyi Lower valley and Mortod Gorge 

County: Maripoaa. 

Ut 37*44' N.; long 119*38' W. 

Number of photographs: 2 . 

Photograph ecalo; 1:47,000. 

Focal length: 6 in. 

Date flown: Aug. 26, 1955. 

Map reference: U.S. Ceol. Survey Hetch Hetohy Reeervoir and 
Yooemite 15-min quadran^ea, scale 1:62,500. 

Geology reference: Matthes, F. E., 1930, Geologic History of 
the Yooemite Valley: U.8. Geol. Survey Prof. Paper 160, 137 p. 
Glacial features shown on pi. 29, bedrock geology on pi. 51. 

Ffotures iUustraied (««?< no8, Caiif. 7 A-Ji in north- 
east comer oj photographs). — El (’’apilan (2 in. west of 
center of east edge of photograph 7 A), a sheer clifl 
nearly 3,000 feet high (diflicult to see in stereo), and 
C'athedral Rocks face each other across nearly flat 
Yosemite Valley; here the Merced River flows in a 
U'shaped glaciated valley. At the west edge of the 
photograph, the valley is narrow, and in Merced Gorge 
(southwest quadrant of photogjraph 7 A, not in stereo) 
the stream fills the bottom of a V-shnpcd canyon un- 
touched by ice. Uj>per Yosemite Fall (just west of 
Yosemite Point, center of northeast quadrant of 
photograph 7 B; for stereo, see Calif. 6) is dry in late 
August. Bedrock is Half Dome Quartz Monzonite; 
vegetation patterns on ice-scoured bedrock upland 
show that joints are widely spaced. Wawona Tunnel, 
on Wawona Road south of Merced River (only east 
portal seen in stereo), is 0.8 mile long. (('alif. 6 and 7 
are continuous.) 

Calif. 8. Mono Cratero 

County: Mono. 

Lat 37*53' N.; long 119*01' W. 

Number of photographs: 2. 

Photograph scale: 1:47,200. 

Focal length: 6 in. 

Date flown: Aug. 10, 1951. 

Map reference: U.S. Geol. Survey Mono Cratera 15-min 
quadrangle, scale 1:62,600. 

Geology reference: Putnam, W. C., 1949, Quaternary gcolc^ 
of the June take district, California: Geol. Soe. America 
Bull., V. 60, p. 1281-1302. 

Features illustrated (set nos. Calij. S A-H in northeast 
comer o/ photetgraphs). — These photographs show a 
chain of rhyolitic obsidian domes and flows. Ptitnam 
describes them as citadellike structural features whckse 
nearly vertical walls are girdletl with a continuous 



mantle of blocky talus and surmounted by a rampart 
of obsidian pinnacles. Tahoe moralnea are conspicuous 
in the southwest quadrant of photograph 8 B (not in 
stereo). 

Calif. 9. Rock fUdero alonf Sherwin Creek 

County: Mono. 

Lat 37*35' N.; long 118*56' W. 

Number of photograpns: 2. 

Photograph scale : 1 : 20,000. 

Focal length; 8.25 in. 

Date flown: Sept. 24, 1944. 

Map reference: U.S. Gecd. Survey Mount Morrison 15-mm 
quadrangle, scale 1:62,500. 

Geology rderence: Rinehart, C. D., and Roas, D. C., 1964, 
Geology and mineral deposits of the Mount Morriaon quad- 
rangle, Sierra Nevada, California: U.S. Geol. Survey Prof. 
Paper 385, p. 74-75, 6g. 37; geol. map (pi. 1). scale 1:62,500. 

Features illustrated (set nos. Calij. 9 A-B in southeast 
comer oJ photographs). — Large inactive rock glacier 
in riorthw’est quadrant of photograph 9 A. This rock 
glacier is markedly concave in transverse profile and 
supports an open forest. Smaller rock glaciers in the 
southwest quadrant are bare. The bedrock is grano- 
diorite, except in the northeast quadrant where dark- 
colored beds of homfels that have a northwest strike 
are conspicuous. 

Calif. 10. Rock fladofo near Mammoth Crest 

County: Mono and Freaoo. 

Lat 37*36' N.; long 118*68' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length; 8.25 in. 

Date flown; Sept. 23, 1944- 

Map reference: U.S. Geol. Survey Mount Morrison 15.min 

quadrangle, scale 1:62,500. 

Geology referenoe: Rinehart, C. D., and Roes, D. C., 1964, 

Geology and mineral deposits of the Mount Morriaon quad- 
rangle, Sierra Nevada, California: U.S. Geol. Survey Prof. 
Paper 386, p. 74-76; geol. map (pi. 1), scale 1 :62,500.. 

Features iUnstraied (set nos. Calij. 10 A-B in southeast 
corner oj photographs). — A small rock glacier and 
several talus aprons are visible in the northwest 
quadrant of photograph 10 B. The bedrock is steeply 
dipping Mesozoic volcanic rock that imparts a norih- 
w^t-trending topographic grain to Mammoth Creek 
valley in contrast to that of Sherwin Creek in the 
northeast quadrant where the bedrt>ck is gramxiiorite. 
Mammoth (Vest passes through the center of this 
photograph. 

Calif. 11. Intersecting moraines near Csnvkl Lake 

County : Mono. 

Lat 37*37' N.; long 118*52' W. 

Number of photogroplis : 2. 

Photograph scale: 1:47,200. 
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Foeal length; 6 in. 

Date flown: Aug. 10, lOGl. 

Map reference: U.S. Geol. Survey Mount Morriaon ISmin 
quadrangle, acale 1:62,500. 

Gec4ogy reference: Rinehart, C. D., and Reea, D. C., 1964, 
Geology and mineral depoa>ta of tne Mount Morriaon quad- 
rangle, Sierra Nevada, California: U.S. Geol. Survey Prof. 
Paper 385, p. 68-70, fig. 34 and pi. 1. 

Features illustrated {set nos. Calif. 11 A-B in north- 
east comer of photographs ). — The older moraine consists 
of a massive embankment whose northeast end is near 
the center of photograph 11 B. The embankment is 
elongated east-northeastward parallel with the long 
axis of Convict Lake (southwest quadrant of same 
photograph). A sharply defined ridge nested within a 
more poorly preserved one of about the same height 
marks the north side of an eastward-moving ice tongue 
on whose south side next to McGee Mountain only two 
small remnants remain. The younger moraines (north 
of Convict Lake) were deposited by glaciers that moved 
northward across the older more massive moraine. This 
movement suggests a 90° shift near the terminus in the 
direction of ice movement of the younger glaciers. The 
hill s in the northwest quadrant of photograph 11 B are 
composed of rhyolite of Pliocene(7) age. The moraines 
north of the lake are shown at a larger scale in Calif. 12. 

Calif. 12. Maraiaea nartk af Canvlct Lake 

County: Mono. 

Lat 37“37' N.; long 118*52' W. 

Number of photographi; 3. 

Pbotognph acale; 1:20,000. 

Focal length: 8.25 in. 

Date flown: Sept. 24, 1944. 

Map reference: U.S. Geol. Survey Mount Morriaon 15-min 
quadrangle, scale 1:62,500. 

Ge^ogy reference; Rinehart, C. D., and Roes D. C., 1964, 
Geology and mineral depoeite of the Mount Morriaon quad- 
rangle, Sierra Nevada, California: U.S. Geol. Survey Prof. 
Paper 385, p. 68-70, fig. 34. 

Features illustrated (set nos. Calif. It A~C in south- 
east comer of photographs ). — These photographs show 
moraines of two glaciations. The younger moraines 
(northeast quadrant of photograph 12 B) include three 
groups. The farthest line of advance is marked by a 
double-crested end moraine, just south of which is a 
slightly lower recessional moraine. The third group 
includes smaller nested morainal ridges that begin at a 
point about halfway between the north end of the lake 
and the point of maximum advance. A similar sequence 
is well shown east of the lake. The older moraines con- 
sist of a massive embankment east-northeast of the 
north end of the lake, where the ridges are more rounded 
and discontinuous than those of the younger glaciation. 
(See also Calif. 11.) 
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Calif. 12. McGee Creek meralae offset alsag Hlliea Creek 
fault 

County : Mono. 

Lat 37*34' N.; long 118*47' W. 

Number of photographs: 2. 

Photograph scale: 1 ; 47,200. 

Focal length: 6 in. 

Date flown; Aug. 10, 1951. 

Map reference: U.S. Geol. Survey Mount Morrison 15-min 
quadrangle, scale 1 ;62,500. 

Geology reference: Rinehart, C. D., and Ross D. C., 1964, 
Geology and mineral deposits of the Mount Morrison quad- 
rangle, Sierra Nevada, California: U.S. Geol. Survey Prof. 
Paper 385, p. 70, fig. 35, and pi. 1. 

Features dlustraled {set nos. Calif. IS A-B in northeast 
comer of photographs ). — Two moraines loop across 
McGee Creek at a point about a mile beyond the 
mountain front (northeast quadrant of photograph 
13 B). Remnants of the inner and younger moraine 
occur also along the valley walls in the foothills. The 
scarp formed by recent movement along the range-front 
fault is clearly visible crossing both moraines at the 
mountain front and can be traced to the north and 
south. A related scarp parallels the highway west of the 
creek, which has built a small delta in Lake Crowley. 
The bedrock along the lower part of McGee Creek is 
largely Paleozoic metamorphic rock and chiefly grano- 
diorite near the headwaters. (Calif. 13 and 14 are 
continuous.) 

Calif. 14. Meralnea near Rack Creek aad Owens River large 

County: Mono. 

Lat 37*33' N.; long 118*42' W. 

Number of photographa: 3. 

Photograph acale: 1 : 47,200. 

Focal length: 6 in. 

Date flown: Aug. 10, 1051. 

Map reference: U.S. Geol. Survey Caaa Diablo Mountain 

15-min quadrangle, scale 1:62,500. 

Geology reference: Rinehart, C. D., and Roes, D. C., 1957, 

Geology of the Casa Diablo Mountain quadrangle, California: 
U.S. Geol. Survey Geol. Quad. Map OQ-99. Putnam. W. C., 
1960, Origin of Hock Creek and Owens River gorges. Mono 
County, California: California Univ, Pubs. Geol. Sci., v. 
34. no. 5, p. 221-280. 

Features illustrated {set nos. Calif. 14 A-C in northeast 
comer of photographs ). — Drifts of three glaciations 
occur along Rock Creek that enters the area at the 
southwest comer of photograph 14 B. Tioga moraines 
cross the creek south of the center of photograph 14 C, 
and the conspicuous moraines near the mouth of the 
creek are of Tahoe age. A broad area on either side of 
Rock (’reck near the center of the photograph contains 
patches of Sherwin till, which is older than the Bishop 
Tuff that forms the wooded tableland in the north 
half of the photograph. Putnam believes that the 
headward grow th of Owens River (north half of photo- 
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graph 14 B) captured the drainage from a lake in Long 
Valley (northwest comer of photograph 14 B). This 
rapture caused the river to carve a deep gorge. Rock 
Creek that formerly flowed north to Long Valley was 
captured at a somewhat later date by headward growth 
of a stream roughly parallel to Owens River, forming 
a barbed junction. (Calif. 13 and 14 are continuous.) 

Calir. li. Msralaei In Mnnn Creek Valler 

County: Fresno. 

Let 37°23' N.; lon« HOW W. 

Number of photographs: 2. 

Photograph scale: 1:47,200. 

Focal length: 6 in. 

Date flown: Aug. 25, 1951. 

Map reference: U.8. Geol. Survey Kaiser Peak and Mount 

Abbot 15-min quadrangles, scale 1:12,500. 

Geology reference: Birman, J. H., 1954, Glacial geology across 
the crest of the Sierra Nevada, California: Geol. Soc. America 
Spec. Paper 75, 80 p.; pi. 1 (map of glacial geology), scale 
1:52,500. 

Featwre* iUuttraUd (sef nos. Calif. 16 A-B in nortJieatl 
comer of photographs). — Moraines of three Wisconan 
advances are present on the west side of the crest of 
the Sierra Nevada. In photograph 15 A, taken before 
Edison Dam was built, Tioga moraines surround the 
west end of the valley just east of the center of the 
photograph. Tahoe moraines are conspicuous on the 
uplands north of the valley. 

Devils Bathtub, on the north edge of the photograph, 
and Graveyard Meadows, in the northeast comer, are 
surrounded by moraines of three Wisconsin Glaciations 
(Tioga, Tenaya, and Tahoe). 

Calif. IS. Invetted topcgnphy si Table Mrantala 

County: Fresno and Madera. 

Let 37‘>or N.; long 119*35' W. 

Number of photographs: 3. 

Photograph scale: 1:34,580. 

Focal length: 5 in. 

Date flown; Nov. 14, 1940. 

Map reference: U.S. Gec^. Survey MiUerion Lake and Clovb 

15-min quadrangles, aealc 1:62,500. 

Geology reference: Macdonald, G. A., 1941, Geology of the 

western Sierra Nevada between the Kings and 8an Joaquin 
Riven, California: California Univ. Dept. Geol. Sci. Bull., 
V. 26, no. 2, p. 215-286; geol. map, scale 1:62,500- 

Features illusiraUd {set nos. Calif. 16 A-C in northeast 
comer of photographs ). — Table Mountain (center of 
photograph 16 B) and the adjacent flat-topped hills 
are eroaional remnants of a basalt flow that flUed an 
ancient river channel. The topography is inverted. 
These remnants exliibit a meanderlike pattern that 
may be a reflection of meanders of the Pliocene(?) 
course of San Joaquin River. The bedrock is largely 
JuratMic crystalline rocks. The present canyon of the 



river ia indsed as much as 1,500 feet below the surface 
of the flows. 

Cafif. 17. Sisfra Nevada aad adaleMil piedment near Leaa Ptae 
County: Insro. 

Ut 36*42' N.; long 118*14' W. 

Number of photographs: 2. 

Photograph eoak : 1 : 47,200. 

Foeal length: 6 in. 

Date flown: Sept 10, 1055. 

Map reference : U.S. Oeol. Survey Lone Pixte and Mount 
Whitney 15-mm quadrangles, eeale 1:62,600. 

Geology reference: Knopf, Adolph, 1918, A geologic reeon- 
natssanoe of the Inyo Mountains and the esstem slope of the 
southern Sierra Nevada, California: U.8. GeoL Survey Prof. 
Paper 110, 130 p.; geol. map (pi. 2), scale 1:125,000. 

Features illustrated (set nos. Calif. 17 A-B tn southeast 
comer of photographs ). — Granitic rocks form the east 
face of the Sierra Nevada fault block that has triangular 
facets between the canyons emerging from the moun- 
tains. A discontinuous fault scarp that cuts uncon- 
solidated materiab more or less paralleb the mountain 
front. East of the mountain front, a bajada of coalescing 
alluvial fans slopes northeast to Owens Valley and is 
crossed by perennial streauns. 

Calif. 18. Mkes la graiUtk reeks, lay# Meantalss 
Cotmty: Inyo. 

Lat 36*58' N.; long 118*12' W. 

Number of photographs: 2. 

Photograph scsie: 1 :37,400. 

Foeal len^: 6 in. 

Date flown: July 17, 1947. 

Map r^erenoe: U.S. QeoL Survey lodependenoe 15-mln 
quadrangle, scale 1 : 62,500. 

Geology refereooe: Ross, D. C., 1962, PreUminsry geologie 

msp of the Independenoe quadrangle, Inyo County, Cali- 
fornia ; U.8. Geol. Survey Misc. Geol. Inv. Map MF-254. 

Features illusiraUd (set nos. Calif. IS A~B in southeast 
comer of photographs ). — Mafic and felsic dikes in granitic 
rocks of the Inyo Mountains (dark lines in east half of 
photograph 18 B). White streaks in the granitic terraoe 
are shear zones. The nortb-northwest-trending fault 
trace in Owens Valley is marked by dry sag ponds. The 
dark canal is the Ijos Angeles aqueduct; the diversion 
dam shifting the water from the Owens River to the 
aqueduct is seen in the north part of photograph 18 A. 

Calif. 12. Faults la granlCe and In allavlaai alsag Owens River 

County: Inyo. 

Ut 36*64' N.; long 118*09' W. 

Number of photographs: 3. 

PhoU^raph scsie: 1 : 37,400. 

Focal length: 6 in. 

Date flown: July 17, 1947. 

Map reference: U.S. Geol. Sun.*ey Independenee 15-min 
quadrangle, scale 1:62,500. 
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G«ology reference: Rosb, D. C., 19S2» Preliminary geologie map 
of tl^ Independence quadrangle, Inyo County, California: 
C.8. Geol. Survey Miec. G«ol. Inv. Map MF-254. 

Features illustrated {set nos. Calxj. 19 A-C in southeast 
comer oj photographs). — Northwest-trending faulU in a 
granitic body near the west base of the Inyo Moun- 
tains. The prominent lines marking the faults are in 
part sheared granitic rock that appears light colored 
on photographs and are in part bands of sagebrush 
that appear dark in the photographs. This fault zone 
is virtually parallel to another fault marked by sag 
ponds in the alluvium on the floor of Owens Valley. 
There is no obvious faulUine along the base of the range. 
Dark patches are Pennsylvanian carbonate homfels 
inclusions or small roof pendants in the granitic rock. 
Conspicuous abandoned meanders and oxbow lakes 
are visible on the dry bed of the Owens River. 

Calif. St. Granilk rocks lotradcd In motasedimeota aev 
Masoarka Caa^o 

County: Inyo. 

Lot 36*53' N.; Img 118*04' W. 

Number of photographs: 2. 

Photograph scale: 1:37,400. 

Focal length: 6 in. 

Date flown: July 16, 1047. 

Map reference: U.8. Geol. Survey Indapendenee 15-min 
quadran^e, scale 1:62,500. 

Geology reference: Ross, D. C., 1962, Preliminary geologie 

map of the Independence quadrangle, Inyo County, Califor- 
nia: U.S. Ged. Survey Mise. Geol. Inv. Map MF-254. 

Features illustrated (set nos. Calif. iO A-B tn southeast 
comer of photographs ). — The contact between the 
granitic rocks and the metamorphosed sedimentary 
rocks they intrude is well exposed west of Mazourka 
Canyon (west half of photographs). Granitic rock is 
also present in the southeast quadrant of photograph 
20 B. The sedimentary rocks of Cambrian, Ordovician, 
Silurian, and Mississippian age strike jiarallel to 
Mazourka Canyon and dip steeply. A few mine workings 
are visible. 

CaUf. 21. Scarps of OwcM Vsllsy eartkqiiahe, 1872 
County: Inyo. 

Lat 36*34' N.; long 118*03' W. 

Number of photographs; 2. 

Photograph scale; 1:47,200. 

Focal length: 6 in. 

Date flown: Sept. 10, 1955. 

Map reference: U-8. Geol. Survey Lone Pine and New York 

Butte 15-min quadrangles, scale 1:62,500. 

Geology reference: Bateman, P. C., 1961, Willard D. Johnson 

and the strike-slip component of fault movement in the Owens 
Valley, California, earthquake of 1872: Seismol. Soc. America 
Bull., V. 51, no. 4, p. 483-493. 

Features illustrated {set nos. Calif. 2t A-B in southeast 
comer of pAdoprapAv) Scarps formed during the 



Owens Valley earthquake of 1872 along the east side 
of Alabama Hills at Lone Pine, Calif. A small 
graben south of the town encloses Diaz Lake (south- 
west quadrant of photograph 21 A). There is a con- 
spicuous joint pattern in the granitic rocks of Alabama 
Hills southwest of Lone Pine. Dark soft slopes of 
Alabama Hills west of Lone Pine (not in stereo) are 
Mesozoic metavolcanic rocks contrasting with bouldery 
outcrops of granitic rocks to the southwest. Beach 
ridges on the north side of the dry bed of Owens Lake 
are in the southeast quadrant of phoU^aph 21 A. 

Calif. 22. D«eleeaU«B cracks on dry bed #f Oweas Lake 

County: Inyo. 

Ul 36*27' N.; long 117*59' W. 

Number of photographs; 2. 

Photograph scale: 1 : 38,000. 

Focal length: 6 in. 

Date flown: July 16, 1947. 

Map reference; U.S. Geol. Survey Keeler and Olancha 15-min 
quadrangles, scale 1 : 62,500. 

Features illustrated (set nos. Calif, tt A~B tn southeast 
comer of photographs ). — The patterns formed by these 
cracks are irregular in plan and varied in size. One 
large polygon may enclose many smaller ones. Some of 
the larger, generally rectangular polygons are more 
than 1,000 feet in longest dimension. Smaller ones, 
commonly 150-300 feet in diameter, are more nearly 
equidimensional and many aided. 

Calif. 23. East face of Panamlnt Range aear Agmereberry Peinl 

County: Inyo. 

Lat 36*22' N.; long 117*00' W. 

Number of photographs; 3. 

Photograph scale: 1 : 60,000. 

Focal length: 6 in. 

Date flown; Got. 11, 1952. 

Map reference: U.S. Geol. Survey Emigrant Canyon and 

Furnace Creek 15-min quadrangles, scale 1:62,500. 

Ge<dogy reference: Hunt, C. B., and Mabey, D. R., 1966, Stretig- 
rapby and structure, Death Valley, California: U.S. Geol. 
Survey Prof. Paper 494-A, 162 p.; geol. map (pi. 1), scale 
1:96,000. 

Featura iUiutnUd (let no*. Calif iS A-C in loutheatt 
comer of photographs ). — East face of Panamint Range 
from A^ereberry Point (altitude 6,433 ft, near center 
of west edge of photograph 23 B) to the floor of Death 
Valley. Trail Canyon (southwest quadrant of photo- 
graph 23 B) cute through a thick sequence of generally 
east-dipping sedimentary rocks of Cambrian age to 
emerge on a broad fan whose toe is outside the area 
shown. Dark areas on fans are desert pavement. The 
salt-crusted playa (northeast quadrant) in this area is 
largely rock salt. Near the playa, the two black hills 
and the white formation at south end of one hill are 
Tertiary volcanic rocks faulted against the Paleozoic 
rocks. 
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Calir. 24. Dealk Valley aaltpaa and Panamini Raa(e 
County: Inyo. 

Lat 36°15' N.; long n6'’S3' W. 

Number of photographs: 2. 

Photograph scale: 1 : 48.000. 

Focal length: 6 In. 

Date flown: Dec. 2. 1948. 

Map reference: U.S. Geol. Survey Bennetts IVell and Furnace 

Creek 18-min quadrangles, scale 1:62,S00. 

Geology reference: Hunt, C. B., and Mabey, D. R., 1966, 

Stratigraphy and structure. Death Valley, California: U.S. 
Geol. Survey Prof. Paper 494-A, 162 p.; geol. mop (pi. 1), 
scale 1:96,000. 

Features illustrated {set nos. Calif. S4 A-B in southeast 
comer of photographs). — Apex of Pan amin i, Range fan 
at the mouth of Death Valley Canyon is at the center 
point of the western edge of photograph 24 B. Fan 
segments of at least three different ages are visible: 
(1) Deeply dissected fan-head mesas north and south 
of Death Valley Canyon wash, (2) areas of desert pave- 
ment (dark colored) on fan segments that are only 
slightly dissected, and (3) the light-colored modern 
washes that carry the very occasional floods of the 
present day. In the saltpan (east half of the photo- 
graphs) can be seen the chloride, sulfate, and carbonate 
zones. Phreatophytes are in the carbonate zone, in a 
spring zone along the edge of the saltpan. The sulfate 
zone b a narrow discontinuous belt on the panward 
side of the desert shrubs. Most of the saltpan b rock 
salt with salt-crusted surfaces that are subject to 
flooding. 

Calir. 2S. Badwtier, Dealk Valley 
County: Inyo. 

Lat ae-iy N,; long 116'’45' W. 

Number of photographs: 2. 

Photograph scale: 1 : 48,000. 

Focal length: 6 In. 

Date flown: Nov. 27, 1948. 

Map reference: U.8. Geol, Survey Furnace Creek, Bennetts 

Well, Ryan, and Funeral Peak 15-min quadrangles, scale 
1:62,500. 

Geology reference: Drewes, Harold, 1963, Geology of the 

Funeral Peak quadrangle, California, on the cast flank of 
Death Valley: U.S. Qetd. Survey Prof. Paper 413, 78 p.; 
geol. map. scale 1:62,500. Hunt, C. B., Robinson, T. W., 
Bowlea, W, A., and Washburn, A. L., 1966, Hydrologic basin. 
Death Valley, California: U.S. Gerri. Survey Prof. Paper 
494-B, 138 p.; geol. map (pi. I), scale 1 :96,000. 

Features illustrated {set nos. Calif. SB A-Bin southeast 
comer of photographs). — Badwater, almost the lowest 
point in the United .States, is a spring fed sulfate marsh 
in the reentrant on the north side of the fan in the 
center of photograph 25 B. The broad white area west 
of Badwater b subject to flooding and b crusted with 
rock salt. North of thb area, extending to the foot of 
the gravel fan, is massive rook salt; to the south is 



rock salt that has been smoothed by flooding (C. B. 
Hunt, written commun., March 1964). At right b the 
faulted front of the Black Mountains; the Badwater 
Turtleback — metasedimentaiy rocks of Precambrian 
age— b overlapped at the north by volcanic rocks of 
Tertiary age. 

Calif. 26. Dealk Valley eallpan and Black Menntaln Ikonl 
County: Inyo. 

Lat 36“07' N.; long 116»45 W. 

Number of photogropha: 2. 

Photograph eealo: 1:48,000. 

Focal length: 6 In. 

Date flown: Nov. 37, 1948. 

Map reference: U.S. Geol. Survey Funeral Peak and Bennetta 
Well 15*min quadranglee, scale 1:62,500. 

Geology reference: Drewes, Harold, 1903, Geology of the 
Funeral Peak quadrangle, California, on the east flank of 
Death Valley: U.S. Geol. Survey Prof. Paper 413, 78 p.; geoL 
map, scale 1:62,500. 

Featwres illustrated {set nos. Calif. t6 A-B in southeast 
comer of photographs). — Precipitous fault scarps with 
gullied surfaces form prominent triangular facets. 
Copper Canyon in the southeast quadrant of photo- 
graph 26 A cute through Tertiary clastic sediments, 
downfaulted in Ih'ecambrian metamorphic rocks, to 
emerge on a symmetrical alluvial fan. CoflSn Canyon 
empties onto a small fan near the center of the same 
photograph. White beds in the northeast quadrant of 
photograph 26 B are siltstone and evaporates that in- 
clude a dark band of volcanic rocks. Silt and evaporates 
on the valley floor are traversed by anastomosing 
channeb, dbtributaries of the Amargosa River. 

Calif. 27. LaadsUdas oa Bal Moualain piadiaant 
County: Inyo. 

Ut 36-20' N.; bng 116*29' W. 

Number of photographs: 2. 

Photograph scale: 1 : 48,000. 

Focal length: 6 In. 

Date flown: Dee. 2, 1948. 

Map reference: U.S. Geol. Survey Ash Meadows and Ryan 
15-min quadrangles, scale 1 : 63,500. 

Geology reference: Denny, C. 8., 1961, Landslides east of 

Funeral Mountains, near Death Valley Junction, California, 
in Short papers in the geologic and hydrologic sciences: U.S. 
Geol. Survey Prof. Paper 424-D, p. D85-D89. 

Features illustrated {set nos. Calif. S7 A-B in southeast 
comer of photographs). — East-dipping Paleozoic sedi- 
mentary rocks and Tertiary arid-basin sediments form 
a fault-block mountain surrounded by a piedmont of 
coalescing alluvial fans. Abandoned segments of fans 
are capped by desert pavement that in most places 
appears darker than the surrounding piedmont owing 
to presence of desert varnish on the individual stones. 
Pavements are dbsccted by meandering washes that 
head on piedmont. Several landslides cast of the center 
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of photograph 27 B form lightHx>lored digitiform ridges 
on piedmont. The snout of a conspicuous landslide 
about 3 inches south of the center of photograph 27 B 
extends eastward beyond the mountain front. Landslide 
debris is in part rubble and in part m^^breccia and 
rests either on Tertiary rocks or on Quaternary alluvial 
deposits. 

Cafir. n. Piracy en Sliadew MeaaUin faa 

County: Inyo. 

Lat 36«ir N,; long 116“17' W. 

Number of photographs: 2. 

Photograph scale: 1:48,000. 

Focal length: Oin. 

Date flown: Nov. 25, 1048. 

Map reference: U-8. GeoL Survey Ash Meadows 15-min 
quadrangle, scale 1:62,500. 

Geology reference: Denny, C. 8., 1065, Alluvial fans in the 
Death Valley region, California and Nevada: U.S. Geol. 
Survey Prof. Paper 466, 62 p.; map (pL 1), scale 1:24,000. 
Denny, C. 8., and Drewes, Harald, 1065, Geology of Ash 
Meadows quadrangle, Nevada>Califomia: U.S. Geol. Surv'cy 
BuU. IIBI-L, p. L1-L50; geol. map (pi. 1), scale 1:62,500. 

Features illustrated (set tics. Calif. 28 A-B in southeast 
comer of photographs), — The fan heads in a reentrant on 
the northwest side of Shadow Mountain (near center of 
photograph 28 A) and slopes first to the northwest and 
then westward. Down-fan it merges with adjacent fans 
to form a complex piedmont (near the northeast- 
trending Old Traction Road). 

Floods from the mountain follow broad anastomosing 
channels separated by abandoned segments of the fan 
that are mantled by dark^colored desert pavement and 
dissected by meandering washes that head on the pied- 
mont. Piracy has taken place, the point of diversion 
being about 3 inches north-northwest of the center of 
the south edge of photograph 28 B. Dissection of the 
piedmont caused a northwest-flowing wash heading in 
the mountains east of the fan to be diverted, only a 
short time ago, into the headwaters of a west-south- 
west-trending meandering wash that is incised about 20 
feet below surface of adjacent pavement. 

Calif. 29. A thrBSl*fsulted anllcline In (he Orchard Peak area 

County: Kem. 

Lat 35®43' N.; long 120®06' VV. 

Number of photographs: 3. 

Photc^aph scale: 1 :20,0()U. 

Focal length: 8.25 in. 

Date flown; Apr. 11, I960. 

Map reference: U.S. Gecd. Sur\‘cy Sawtooth Ridge TH-min 

quadrangle, scale 1 ; 24,000. 

Geologj’ reference: Marsh, O. T., I960, Gedogy of the Orchard 

Peak area, California; California Div. .Mlnee Spec. Rept. 62, 
42 p.; geol. map (pi. 1), scale 1:35,800. 

Features illustrated (set nos. ('alif.2il A-('in southeast 
comer of photographs). — The Avenal Ridge piercement 



anticline trends west-northweet across the northeast 
quadrant of photograph 29 C. Its core of white bentonit<e 
and tuflaceouB shale (Jurassic?) contrasts with the sur- 
rounding darker Cretaceous rocks. The axis of a con- 
spicuous syncline extends east-southeast through the 
center of the same photograph. The dark rocks forming 
the ridge on the north limb of the anticline (Bluestone 
Ridge) are the upper plate of the south-moving Hex 
thrust, the trace of which turns northward near (he 
center of photograph 29 B. The traces of other thrust 
faults, of normal faults, and a klippe can also be seen 
by reference to Marsh's map. 

Calif. 30. Horlxoatal movemcnl oa Saa Aadreaa fault 

County: San Luis Obispo. 

Lat 35'16' N.; long I19W W. 

Number of photographs: 2. 

Photograph scale: 1 ;20,000. 

Focal length: 8.25 in. 

Date flown: July 22, 1957. 

Map reference; U.S. Geol. Survey McKittrick Summit and 
Painted Ruck quadrangles, scale 1:24,000. 

Geology reference: Hackcl, Otto, and others, 1962, Geology of 

Carrixo Plains and San Andreas fault; San Joaquin Geol. Soc. 
GuidebwA, 52 p., Hiop 5, fig. 2; geol. map (pi. 1), scale 
1:125,000. 

Features illustrated (set nos. Calif. SO A~B in southeast 
comer of photographs). — Photographs show offset drain- 
age, well-defined scarps, and trenches in Quaternary 
deposits along the trace of San Andreas fault and sub- 
sidiary faults. The area slopes gently to the southwest 
to the Carrizo Plain and is crossed by parallel inter- 
mittent streams that locally meander. The streams are 
incised northeast of the trace of the fault. 

Calif. 31. Elkhorn Scarp, San Aadrean fault 

County: Han Luia Obispo. 

Lat 35*07' N.; long 119*40' W. 

Number of photographs: 3. 

Photograph scale: 1:20,000. 

Focal length; 8.25 In. 

Dale flown; Aug. 2, 1957. 

Map reference; U.S. Geol, Survey Weila Ranch and Panorama 
Hills TH-min quadrangles, scale 1:24,000. 

Geology reference: Hackcl, Otto, and others, 1962, Gcologj’ of 

the Carriso Plains and San Andreas fault; Han Joaquin Geol. 
Hoc. Guidebook, 52 p.; geol. map (pi. 1), scale 1:125,000. 
nyi. M. L., and Dibbicc, T. W., Jr., 1953, San Andreas, 
Garlock, and Big Pine faults, California: GcmjI. Soc. America 
BuU., V. 64. no. 4. p. 443-4.58; see fig. I. 

Features illustrated (set nos. Calif. 31 A-C in southeast 
corner of photographs). — Right lateral offset of drainage 
lines by the San Andreas fa\ilt on the southwest side 
of Temblor Range where a maximum of 3,000 feet of 
displacement has occurred through recent movements 
on the fault. 
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Calif. S2. SkotellBM aad faalt acarpi at Saarlea Laka 

County: San Bernardino. 

Lat35°4S' N.;long 117‘‘U' W. 

Number of photognphe: 2. 

Photograph scale: 1:37,400. 

Focal length: 6 in. 

Date flown: July 14, 1047. 

Map reference: U.S. Geol. Survey Searlea Lake, Trona, Wingate 

Pass, and Manly Peak IS-min quadrangles, scale 1:62,500. 
Geology reference: Jennings, C. W., Burnett, J. L., and Troxcl, 
B. W., 1962, Geologic map of California, Trona sheet: Cali- 

fornia Div. Mines and Geology. 

Features UliutmUd (let no*. Calij. StA-B in *outhea*t 
comer oj photograph*). — Photographs show differences 
in expression of shorelines of late Pleistocene Searles 
Lake between areas where waves worked on bedrock 
and where lake abutted against unconsolidated upper 
Cenozoic gravels. In the northwest quadrant of photo- 
graph 32 A, the conspicuous strandlinee are on the 
alluvial fans, whereas on bedrock only faint topo- 
graphic features are visible. 

Several low 10- to 20-footrhigb fault scarps are visible 
in the southern half of photograph 32 A just west of the 
mountain front. The scarps cut all but the most recent 
gravels in the alluvial washes and in stereoscopic 
view can be seen to trend diagonally up the slope 
(northward) in contrast to the shorelines which contour 
the slope (G. I. Smith, written conunun., March 1B64). 

Calif. SI. Cima Dom*. Mojave Deoert 

County: San Bernardino. 

Lat 36®17" N.; long 116W W. 

Number of photographs: 2. 

Photograph scale: 1 :47,200. 

Focal length: 6 in. 

Date flown: Apr. 14, 1953. 

Map reference; U.S. Geol. Sur\*ey Mescal Range and Kelso 
15>min quadran^ca, scale 1:62,500. 

Geology reference: Sharp, R. P., 1957, Geomorphology of 

Cima Dome, Mojave Dcaert, California: Geol. Soc. America 

BuU., V. 68. no. 3, p. 273-290. 

Feature* iUuetrated (*et no*. Calif. S3 A-B in southeast 
comer of photographs). — This remarkably smooth sym- 
metrical alluvium-fringed rock dome is the prototype 
of W. M. Davis’ granitic desert dome. Numerous 
outcrops of quartz monzonite can be seen on the dome. 
Teutonia Peak lies just to the northeast of the summit. 
The slopes of the dome are traversed by many shallow 
and closely spaced anastomosing channels. (Calif. 34 
overlaps photograph 33 A.) 

Calif. 34. Granitic dame and cinder cones near Roinbew Wells 

County: 8sn Bernardino. 

Lat 35°15' N.; long 115*40' W. 

Number of photographs: 3. 

Photograph scale: 1:54,000. 

Focal length: 6 in. 



Date flown: Mar. 7, 1954. 

Map reference: U.S. Geol. Survey Mescal Range and Kelso 

15-min quadrangles, scale 1:62,500. 

Geology reference: Sharp, R. P., 1957, Goomorphology of 
Cims Dome, Mojave Desert, California: Geol. Soc. America 

Bull., V. 68, no. 3, p. 273-290. 

Feature* illustrated (»et no*. Calif. Si A-C in norlK- 
east comer of photographs). — A small granitic dome 
about 2 miles in diameter (southwest quadrant of 
photograph 34 A) has virtually straight slopes mantled 
by a thin layer of detrital gruss. Remnants of Quater- 
nary basalt flows and cinder cones lie on the western 
flanks of the dome. The slopes of the dome and that of 
the larger one to the northeast (Cima Dome) are 
traversed by shallow and closely spaced anastomosing 
channels. (Calif. 33 overlaps photograph 34 A.) 

Calif. 35. Stabilisation of sand dnacn, San Mlgncl Inland 

County: Santa Barbara. 

Lat 34*02' N-; long 120*23' W. 

Number of pbotographe; 2. 

Photograph scale: 1 : 60,000. 

Focal length: 6 in. 

Date flown: Apr. 1, 1060. 

Map reference: U.S. Geol. Survey San Miguel Island East and 

San Miguel Island West 7H-min quadrangles, scale 1:24,000. 
Geology reference: Bremner, C. 8t. J., 1933, Geology of San 

Miguel Island, Santa Barbara County, California: Santa 
Barbara Mus. Nat. History, Occasional Papers 2, 23 p.; see 
pi. I. 

Featuru illustrated (set nos. Calij. S6 A-B in southwest 
comer oJ photographs). — San Mijfuel Island has a 
ing set of longitudinal dunes formed by the prevailing 
northwest winds. Some of the dunes extend clear across 
the island, a distance ranging from 2 to 4 miles. The 
island was originally covered by a dense growth of 
brush, but about 1880, cattle and sheep began to graze 
and much of the vegetation was destroyed. When 
Bremner studied the area (see bis pbotomosaic, pi. 1, 
made from photographs taken in 1929), most of the 
island was covered by actively moving sand. This ster- 
eoscopic pair, taken in 1960, suggests partial stabiliza- 
tion of the dunes since 1929. The island is underlain 
largely by northeast-dipping Eocene sedimentary rocks 
that form a rolling upland 400-500 feet above sea level. 

Calif. 36. Eroflieii and depaaiUon acar PoiaC Mafa 

County: Ventura. 

Let 34*05' N.; long 119*03' W. 

Number of photc^raphs: 2. 

Photograph scale: 1 : 24,000. 

Focal length: 6 in. 

Date flown: Aug. 20, 1947. 

Map reference: U.S. G«d. Survey Point Mugu TH-min quad- 

ranide, scale 1 :24,000. 

Geology reference: Inman, D. L., 1954, Beach and shore pro- 

cesses siong the southern Colifornia coast, im Jahns, R. H., 
ed., Geology of southeni California: California Div. Minea 
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Bull. 170, chAp. 5, p. 29-34, fig. 1. (Bedrock geology shown on 
map sheet 8.( 

Featura Ulustrated (»et nos. Calif. Sff A-B in noriAeati 
comer oj pholographt) . — Point Mugu &t the west end 
of the Suits Monica Mountains forms a natural ob- 
struction which interrupts the littoral drift of sand 
eastward and thus causes accretion. A wide beach or 
baymouth bar has formed west of the point on the up- 
current side, and cliff erosion and the building of a few 
pocket beaches has taken place down current where 
the supply of sand is diminbhed. The eastwud drift of 
sediment offshore can be seen east of Point Mugu 
(southeast quadrant of photograph 36 B). Northwud- 
dipping Miocene shale and conglomerate intruded by 
diabase form the mountains. 

Colir. 37. DlieecUd aurlae terraces at Pelnt Dame 

County: Los Angelm. 

Let 34-Ot' N.; long 118'48' W. 

Number of photographs: 2. 

Photograph scale: 1:24,000. 

Focal length: 6 in. 

Date flown: Aug. 21, 1047. 

Map reference: U.S. Geol. Survey Point Dume 7>4-nun quad- 

rangle, scale 1 : 24,000. 

Geology reference: Putnam, W. C., 1954, Marine terraces of 

the Ventura region and the Santa Monica Mountains, Cali- 
fornia, ta Johns, R. H., ed.. Geology of southern California: 
California Div. Mines Bull. 170, chap. 5, p. 45-48, fig. 1. 

Features iUustraied (srf nos. Calij. S7 A-B in northeast 
comer oJ photographs). — Point Dume, an ancient stack, 
is on a marine terrace more than 100 feet above sea 
level. Several other narrow terraces can be seen. The 
treads are conspicuous, but the risers are gently sloping; 
any sea cliffs that were initially present have been ob- 
scured by seaward-sloping blankets of alluvial-fan 
graveb. In many places the gravels make a continuously 
sloping surface from one terrace down to a level three 
or four treads lower, and thus completely obscure inter- 
vening teiTsces. 

Calif. 38. Mwbic terraces of the Palos Verdea Hills 

County : los Angeles. 

Lat 33°4«’ N.; long IIS’OS' W 
Number of photographs: 2. 

Photograph scale; 1:30,000. 

Focal length; 0 in. 

Date Sown: Feb. 28, 1983. 

Map reference: UB. Geol. Survey Redondo Beach 7H-min 
quadrangle, scale 1:24,000. 

Ge^ogy reference: Wearing. W. P., Bramlette, M. N., and 
Kew, W. S. W., 1946, Geology and paleontology of Palos 
Verdes Hills, California: U.S. Geol. Survey Prof. Paper 
207, 145 p.; see pis. 22-26. 

Features Ulustrated (set nos. Calif. S8 A-B in north- 
east comer oj photographs). — Ten marine terraces 
ranging in altitude from Hp|in>ximutely 100 to 1.000 



feet have been map|>ed by Woodring and others within 
the area shown in these photographs; at least four 
are easily seen. On this west-facing windward coast the 
prevaihng bedrock is hard Miocene cherty shale (part 
of the Monterey Shale) which forms open folds. The 
a(>parent merging of the terraces both in (ilan an<l in 
profile is due to the cover of nonmarine debris that has 
accumulated on the (ilatforms following emergence. 

Calif. 39. Barchaa daaes wmrt sf Saltaa Sea 

County: Imperial. 

Ut 33°11' N.; long 115'52' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 6 in. 

Date flown: Nov. 10, 1959. 

Map reference: U.S. Geol. Survey Kane Spring NE. and Kane 
Spring NW. 714-mln quadrangles, scale 1:24,000. 

Geology reference: Long, J. T,, and Sharp, R. P., 1964, Barchan- 
dune movement in Imperial VsUey, California: Geol. Soc. 
Ameriea Bull., v. 75, no. 2, p. 149-156. 

Features illustrated (scf nos. Calij. S9 A-B in south- 
east comer oj photographs). — These dunes, o(>en to the 
east, range in size horn to horn from about 150 to 800 
feet and in height from about 10 to 30 feet. The dunes 
rest on a smooth gently sloping plain that descends to 
the Salton Sea. The ground between the dunes has a 
patchy residual armor of stones. These excellent photo- 
graphs cover most of the barchan dunes south of the 
landing strip shonm in figure 1 of Long and Sharp’s 
paper. Movement of these dunes ranged from 325 to 
925 feet over a 7-year period from 1956 to 1963. 

Calif. 40. Mariae Iscraccs, San aeaieala Islaad 

County: Los Angeles. 

Lat 32°53' N.; long iWaO' W. 

Number of photographs: 2. 

Pbotogreph scale: 1:63, 000- 
Fecal length: 6 in. 

Date flown: Feb. 3, 1965. 

Map reference: U.S. Cieol. Survey San Clemente Island Central 

and San ClemenUs Island South 7H-min quadrantjes, scale 
1 '24 000 

Geology reference: Olmsted, F. H., 1958, Geologic reoonnais- 
sanoe of San Clemente Island, California: U.S. Geol. Survey 
Bull. 1071-B, p. 55-68; geol. map (pi. 1), scale 1:31,680. 

Features UlustraUd (set nos. ('alij. 4^ A-B in south 
comer oj photographs'). — A sequence of very gently 
dipping Miocene volcanics forms this long and narrow 
island— length about 21 miles, width as much as 4 
miles — that rises almost 2,000 feet above sea level. 
The northeast slope is steep, but on the gentler south- 
west sloi)e is a spectacular flight of marine terraces of 
Pleistocene age. The northwest-trending axial drainage 
divide of the island is close to the northeast coasl. The 
terraces on the southwest slope are notched by steep- 
sided gullies and canyons, the latter as much as 500 
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feet deep. The rocky shore is in many places a cUff. 
A sejfment of the terraced southwest slope near Eel 
Point is shown in Calif. 41. 

Calif. 41. Marine terraces near Eel Point. San Qemente Island 

County: Los Angeles. 

Lat 32'’5«' N.; long n8“3P W. 

Numl>cr of photographs; 2. 

Photograph scale: 1 : 20,000. 

Focal length: 8.25 in. 

Date flown: Feb. 19, 1954. 

Map reference: U.8. Geol. Survey San Clemente Island Central 

7)4>min quadrangle, scale 1:24,(KX1. 

Geology reference: Olmsted, F. II., 1958. Geologic reconnais- 

sance of San Clemente Island. California: U.S. Geol. Surv'ey 
Bull. 1071-B. p. 55-08; geol. map (pi. 1). scale 1:31,680. 

Ftaiurte iUnstratfd {eft noe. CaliJ. 4^ ^ tnei 

comer oj photographs). — Thesse photographs show the 
marine terraces on the southwest slope of the i.sland 
near the airfield. The terraces are discontinuous. The 
risers are steep or clifflike, commonly 20-100 feet 
high. The treads are gently sloping; some are narrow, 
others as much as 1,000 feet wide. All the treads are 
more or less mantled by younger alluvial and colluvial 
material. C'alif. 40 shows mo.st of the island. 

Calo. 1. Piracy at the Lindenneier arehaecdofic site 

County; Weld. 

Lat 40®58' N.; long 105*06' W. 

Number of photogrAphs; 2- 
Photograph scale: 1 : 27,700. 

Focal length: 5.2 in. 

Date flown; June 16, 1947. 

Map reference*; U.S. Geol. Survey Greeley sheet, scale 1 : 250,000. 
Gccdogy reference: Bryan, Kirk, and Ray, L. L., 1940, Geologic 

antiquity of the Lindcnmcicr site in Colorado; Smithsonian 
Misc. Ccdln.j v. 90, no. 2, 76 p. Wormington, H. M., 1957, 
Ancient man in North America: Denver Mus. Nat. History 
Pop. Scr. 4, p. 31-39. 

Ffaturte Uluetraied {eti noe. C(do. 1 A-B in southtaet 
comer of photographs). — A south-faring escar|)ment 
formed in OligCM^ene clay passes through the renter of 
photograph 1 B. The Lindenmeier site ia along an east- 
draining gully just north of the esH-arpment, about 0.6 
inch east of the renter of phoU)graph 1 B. When 
Folsom man lived here nearly 1 1 ,0(X) years ago, the small 
east-trending valley at the site was drained eastward 
past the cultivated field near the southeast corner of 
photograph 1 A. 'Hie ancestral stream was later be- 
headed by a south-floi\ing stream working headward 
(northward) through the escarpment (at a ixnnt about 
midway between ('enter and west edge of photograph 
1 B). North of the escarpment, gravel-capped inter- 
fiuves arc remnants of the S|>ottlewo(jd |>ediment of 
probable early Pleisioc'ene age, a part of the High 
Plains. The urea south of the escori)inent is rtear the 
northwest corner of the ('olorado piedmont. 



Colo. 2. Cfrqooo aad glaciere In Roeky Mointoln National Pork 

County: Larimer. 

Ut 40*20' N.; long 105*38' W. 

Number of photographs: 5. 

Photograph scale; 1 : 46,000. 

Focal length; 6 in. 

Date flown: September 1953. 

Map reference: U.S. Geol. Survey Trail Ridge, Estes Park, 

McHcnrys Peak, and Lon^ Peak 7Hrmin quadrangles, scale 
1:24,000. 

Geology reference; Richmond, G. M., 1960, Glaciation of the 
east slc^e of Rocky Mountain National Park, Colorado; Geol. 
Soc. America Bull., v. 71, no. 9, p. 1371-1382. 

Feaiuree itlustratfd {set nos. Colo. 2 A~E in southeast 
comer of photographs). — C'irques containing small gla- 
ciers just east of the Continental Divide, Rocky 
Mountain National Park. Taylor, Andrews, Tyndall, 
and several unnamed glaciers are Wsible in the north- 
west quadrant of photograph 2 B, and Longs Peak is 
in southeast quadrant. The Pinedale moraines surmund- 
ing Glacier Basin are in the southeast quadrant of 
ph(Rogra))h 2 D, and those in Moraine Park are con- 
spicuous due ea,st of the center. Horseshoe Park and 
Trail Ridge Road are in the north half of photograph 

2E. 

Colo. 3. Hogbacks along Rocky Monatoin ffoat near Golden 

County; JolTcrson. 

Lat 39*50' N.; long 105*15' W. 

Number of photographs: 3. 

Photograph scale: 1:63,360. 

Focal length; 6 in. 

Date flown: Sept. 21, 1953. 

.Mop reference: U.S. Gccd. Sur\*ey Ralston Buttes, Golden, 

Eldorado Springs, and Louisville 7H-min quadrangles, scale 
1:24,000. 

Geology reference: Van Horn, Richard, 1957, Bedrock geology 
of the Golden quadrangl<^ Colorado: U.S. Geol. Survey Gccd. 
(]uad. Map OQ-103. Sheridan, D. M., Maxwell, C. H., Albce, 
A. L., and Van Horn Richard, 1958, Pretiminary map of 
bedrock geology of the Ralston Buttes quadrangle, Jefferson 
County, Colorado: U.S. Geol. Sun'ey Mineral Inv. Field 
Studies Map MF-179. 

Features iilustrated {set nos. Colo. 3 A-C in southeast 
comer of photographs). — Sandstone hogbacks are locaUy 
folded and faulted. These upper Paleozoic and Mesozoic 
rocks rest unconforrnably on Precambrian schist and 
gneiss. The ridge inclosing Upper Ix)ng Lake just ea.si 
of the center of photograph 3 B is a inutizunile dike. 
The hogback iiurtheaHt of the dam is partly truncated 
by a pediment in the north«i.st quadrant of the same 
phoUigraph. The butte northeast of Golden (souiheo-si 
quadrant photograph 3 B) is capped by latite lavas; 
small monzonite intrusions form lulls between it and 
the monzemite dike. Water in Ralston Reservoir (near 
renter of photograph 3 B) is muddy. 
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Col«. 4. Immiient stream csplare near Red Rack Caajon 

County; Montrose. 

L»t 38*34' N.; long 107*47' W. 

Number of photc^^phs: 2. 

Photograph scale: 1 : 28,400. 

Focal length: 6 in. 

Date flown: Aug. 1, 1950. 

Map reference: U.8. Geol. Sur\'ey Red Rock Canyon 7H*min 

quadrangle, scale 1:24,000. 

Ffaiure^ Ulustrated {net non. Colo. 4 A-B tn noriheasi 
comer oj photogrophn). — A cultivated valley drains 
northwestward to center of photograph 4 B where it 
crubses a major faultline and enters the head of Red 
Rock Canyon which empties into the Black Canyon of 
the Gunnison in the northwest quadrant. The northern 
half of photograph 4 B is underlain by Precambrian 
rocks that north of the Gunnison River show a vertical 
foliation and in the northwest quadrant are overlain 
unconformably by the Entrada Sandstone. The culti- 
vated valley in the southeast quadrant is being en- 
croached on by gullies eroding headward (northea.st- 
ward) from the badlands developed on sen)icons4)lidated 
Mancos Shale in the southwest quadrant. Stream ca[>- 
ture ia imminent at several |>oints (W. R. Hansen, 
written commun., February 1904). 

Colo. 5. Rock glaeleni in Sawatcb Range 

County: ChalTec and Gunnison. 

Ut 38*55' N.; long 106*28' W. 

Number of photographs; 2. 

Photograph scale; 1 : 18,400. 

Dale flown: Sept. 24, 1956. 

Map reference: U.8. Geol. Survey Mount Harvard 15-min 

quadrangle, scale 1:62,500. 

Features Ulustraied {sti nm. Colo. 6 A~B in northeast 
comer o/ photographs). — Rock glaciers in cirques on the 
north side of the Continental Divide show both longi- 
tudinal and transverse ridges and furrows. The glaciers 
are inactive. Nome cirques contain rock-basin lakes or 
taras. The bedrock is granodiorite (Fred Barker and 
M. R. Brock, written commun., February 1964). 

Colo. C. Linear scarps on the Sag* Plain 

County; Dolores. 

Lat 37*48' N.; long 108*59' W. 

Number of photographs: 2. 

Photograph scale: 1:27,230. 

Focal length: 5.2 in. 

Date flown: Sept. 15, 1947. 

Map reference; U.8. Geol. Survey Cortes sheet, scale 1 : 250,000. 
Geology reference; Shawe, D. R., 1963, Poseible wind-erosion 
origin of linear scarps of the Sage Plain, southwestern Colo- 
rado, in Short papers in geology and hydrology: U.8. Geol. 
Survey Prof. Paper 475-C, p. CI38-C14I, fig. 95.2. 

Features iilustrated {set nos. Colo. 6 A-B in southeast 
comer oj photographs). — Low straight subparallel scarps 



in Pleistocene loees bound elongate flat areas oriented 
about N. 25^ E. Swales between the flats are probably 
the result of deflation by the prevailing southwesterly 
winds. 

Colo. 7. Canyons at Mesa Verde 

County; Montesuma. 

Lat 37*15' N-; long 108*25' W. 

Number of photographs: 5. 

Photograph scale: 1 :60,000. 

Focal length: 6 in. 

Date flown: Nov. 9, 1954. 

Map reference: LLS. Geol. Survey topographic map of Meaa 

Verde National Park, Montesuma County, C^o., scale 
1:31,250. 

Geology referenee: Wanck, A. A., 1959, Gcolop^ and fuel 

resources of Che Mesa Verde area, Moatesuma and La Plata 
Counties, Colorado: U.S. Geol. Sur\'cy Bull. 1072-M, p. 
667-721; geol. map (pi. 49), scale 1:63,360. 

Feat^ires Ulustraied {set nos. Colo. 7 A-E in southeast 
comer oj photographs). — Mesa Verde is capped by mas- 
sive sandstone that rests on less resistant sandstone, 
shale, and coal beds. The strata dip gently to the 
south and are of Late Cretaceous age. The great alcoves 
at the heads and along the sides of the canyons are 
sites of ancient cliff dwellings, none of which can 
actually be seen in these photographs. The canyons 
shallow' northward and are cut off by a prominent 
north-facing escarpment that leads dowm to a broad 
valley along Dry Arroyo (northw'est quadrant of 
photograph 7 D). The badlands south of the airoyo 
are carved in shale; the low w'ooded hills adjacent to 
the arroyo are sandstone that underlies the shale. 

Colo. 6. Rock flaciors In Silver oad Pieroon Baoiiui 

County; Ouray and San Miguel. 

Ut 37*58' N.; long 107*43' W. 

Number of photographs; 3. 

Photograph scale; 1 : 37,400. 

Focal length; 6 in. 

Date flown: Sept. 9, 1951. 

Map reference: U.S. Geol. Survey Ironton, Telluride, Montraoe, 

and Ouray 7H'niin quadrangleo, scale 1:24,000. 

Geology reference: Burbank, W. 8., and Luedke, R. G., 1964, 

Geology of the Ironton quadrangle; U.S. Geol. Survey Geol. 
Quad. Map GQ-291. Howe, Ernest, 1909, Undslides in the 
Juan Mountains, Colorado: U.S. Geol. Survey Prof. 
Paper 67, 58 p. 

Features Ulustraied (set nos. Colo. 8 A-C in northeast 
comer of photographs). — MMiy rock gladere occur in 
the high cirques of the western San Juan Mountains. 
Those in Pierson Basin and in Silver Basin (southwest 
quadrant of photograph 8 C) adjacent to Sneffels Creek 
near Ouray were mapped and photographed many 
years ago by Howe who called them “rock streams.” 
(See Howe, 1909, p. 31-34, fig. 2, and pis. 10-13). 
These lobate masses of rock debris are characterized by 
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Steep aides and deeply furrowed top with crescentic 
furrows roughly parallel to the outline of the mass. 
Some rock glaciers are known to have ice cores. The 
country rock is bedded volcanic flows, tuffs, and brec* 
cias intruded by numerous igneous dikes and irregu- 
larly shaped plutons and cut by many faults and 
min&^dized fissures. 

Colo. 9. SloBifHlIiaik eartkflow 

County: Hinsdale. 

Ut 37®Sg' N.; long 107®16' W. 

Number of photographs: 2. 

Photograph eeale: 1:40,000. 

Focal length: 8.25 in. 

Date flown: Sept. 27, 1951. 

Map reference: U.8. Geol. Survey Durango sheet, scale 

1:250,000. 

Geology reference: Howe, Ertusi, 1909, Landslides in the San 

Juan Mountains, Colorado: U.S. Geol. Survey Prof. Paper 67, 
p. 40-41, pi. 20B. CrandcU, D. R., and Vames, D. J., 1960, 
SlujnguUion carthflow and earth elide near Lake City, Colo- 
rado [abe.]: Geol. Soe. America Bull., v. 71, no. 12, pt. 2, 
p. 1846. 

Features UlustraUd (set nos. Colo. 9 A-B in northeast 
comer of photographs ). — This prehistoric earthflow de- 
scended the east slope of the valley of Lake Fork 
Gunnison River and dammed this north-flowing river 
to form Lake San Cristobal. The lower downstream 
third of the earthflow is stable and contains wood that 
has a radiocarbon age of about 700 years. The upper 
two-thirds is being overridden by an active earthslide 
(northeast quadrant of photograph 9 A, largely outside 
area visible in stereo). The oldest tree found on the 
active part is 330 years old (1060). 

Cole. IS. Great Sand Danee, Saa Laia Valley 

County: Saguache and Alamosa. 

Lat 37®47' N.; long 105*33' W. 

Number of photographs: 3. 

Photograph scale; 1 : 53,000. 

Focal length: 6 in. 

Date flown: Oct. 5, 1953. 

Map reference; U.S. Geol. Survey Trinidad sheet, scale 
1:250,000. 

Geology reference: Merk, G. P., 1960, Great Sand Dunea of 
Colorado, tn Weimer, R. J., and Haun, J. D., ods., Guide to 
the geology of Colorado: Geol. Soc. America, Rocky Mtn. 
Assoc. Gcologista, Colorado Sei. Soc., p. 127‘-129. 

Features illustrated {set nos. Colo. 10 A-C in southeast 
comer of photographs ). — The Great Sand Dunes lie 
near the east aide of the broad San Luis Valley, sepa- 
rated from the west base of the Sangre de Cristo Moun- 
tains only by Medano CVeek. The dunes cover approxi- 
mately 40 square miles and rise as much as 700 feet 
above the valley floor. These photographs .show the 
east part of the dune field and the lower slopes of the 
adjacent mountains. The sharp individual dune crests, 



and the many directions of Uieir trends suggest variable 
winds. 

Colo. II. Radiating dlkea on flanks of Silvar Monataia 

County: Huerfano. 

Lat 37*37' N.; long 105*04' W. 

Number of photographs: 2. 

Photograph scale: 1 : 20,000. 

Date flown: Sept. 9, 1938. 

Map reference: U.S. Geol. Survey Trinidad sheet, scale 

1:250,000. 

Geology reference: Johnson, R. B., 1961, Patterns and origin 
of radial dike swarms associated with West Spanish Peak and 
Dike Mountain, south-ceotrai Colorado: Geol. Soc. America 
Bull., V. 72, no. 4, p. 579-590; see fig. 3. 

Features illustrated (set nos. Colo. II A-B in southeast 
comer of photographs ). — RadUl dike swarm on the 
northeast flank of Silver Mountain (Dike Mountain of 
Johnson; southwest comer of photograph 11 A). Trend 
of dikes ranges from east to west along the southern 
edge of area shown in photographs and from north to 
south along its western border. Dikes are discontinuous 
and form prominent ridges. 

Cola. 12. InCeraectlag dikes aortkeast of Spasleli Peaks 

County: Huerfano. 

Lat 37*30' N.; long 104*51' W. 

Number of photographs: 2. 

Photograph scale: 1 : 20,000. 

Focal length: 8.25 in. 

Date flown; Sept. 17, 1938. 

Map reference: U.S. Ged. Survey Trinidad sheet, scale 

1 : 250,000. 

Geology reference: Johnson, R. B., 1961, Patterns and origin 
of radial dike swarms associated with West Spanisb Peak and 
Dike Mountain, south-central Colorado: Geol. Soc. America 
Bull., V. 72, no. 4, p. 579-590. 

Features illustrated (sei nos. Colo, It A-B in southeast 
comer of photographs ). — A large east-trending dike 
(northern half of photograph 12 B) cuts across older 
radial dikes that trend in a southwesterly direction. 
The bedrock is mostly competent sedimentaiy* rucks of 
late Paleozoic and Mesozoic ages. Dikes fonn promi- 
nent ridges that control the drainage pattern. 

Coni. 1. Triassk bs«U< ridgee aad berder fault acar 
Middictewn 

County: Middlesex. 

Lat 41*33' N.; long 72*40' W. 

Number of photographs: 4. 

Photograph scale: 1 : 60,000. 

Focal length; 6 in. 

Date flown: Oct. 29, 1959. 

Map reference: U.S. Geol. Surv'cy Meriden, Middletown, and 

.Middle Haddam 7f4-min quadrangles, scale 1:24,000. 

Geology reference: I^ehmann, E. P., 1959, The bedrock gc<riogy 

of the Middletown quadrangle: Connecticut Geol. and Nat. 
History Survey, Quad. Kept. 8, 40 p.; geol. map, scale 1 ; 24,000. 
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Features illustrated (set nos. Conn. I A-O in north- 
east comer oj photographs). — Eat<l-dippiiig Triassic 
basalt flows form wooded hills (eastern third of photo- 
graph 1 D) and are overlain by sedimentary rocks and 
minor basalt that extend east to a line about 2 miles 
east of Middletown on Connecticut River (east edge of 
photograph 1 C). The flooded building-stone quarries on 
the east bank of the river just north of the bridge are 
in arkose ; they provided much of the brownstone used in 
New York City in the late 19th century. A conspicuous 
tu|K)graphic break trending slightly east of north (west 
half of photograph 1 A) marks the trace of the fault 
between the Triassic rocks and the older gneisses and 
schists of the eastern highlands. Pegmatite quarries just 
east of the border fault show as white si>ot8 about IK 
inches southwest of the northeast corner of photograph 
1 B. A drift-filled abandoned course of the Connecticut 
River, marked by a large kettle lake, trends north- 
northwest from the center of photograph 1 A. 

Del. I. Sharetiae chaafes at Cape Henlopen 

County: Sussex. 

Ut N.; long 75°06' W. 

Number of photographs: 4. 

Phot ograph scale: 1 : 20,000. 

Focal length: 6 in. 

Date flown: Aug. 14, 1954, Mar. 15, 1902. 

.Map reference: U.S. Oeol. Survey Cape Henlopen 7H-min 

quadrangle, scale 1:24,000. 

Features illustrated (set nos. Del. t A-B in southeast 
comer oJ 1964 photographs and set nos. Del. 1 C-D in 
nnrthxoest comer of 1961 photographs). — Cape Henlopen 
spit, at the mouth of Delaware Bay opposite ('ape May, 
N.J., has grown northward mure than a mile since the 
area was first surveyed about 200 years ago. During 
this interval, the shore west of the cape moved north- 
ward perhaps a quarter of a mile, and the Atlantic 
shore was cut back about the same amount. During 
the mure than 7-year interval between the 1954 and the 
1962 photographs, the tip of the spit grew northward 
about 500 feet and the sand dunes on the Atlantic 
shore have advanced westward across the adjacent 
roads and trails. The photographs provide only partial 
stereoscopic coverage (D. W, Moody, written common., 
1964). 

Fla. I. Beach ridges, St. Vlaceal Island 
County: Kranklin. 

Lat 29»40' N.; long 85°10' W. 

Number of photographs: 2. 

Photograph scale: 1:43,100. 

Focal length: 5.2 in. 

Date flown: Nov. I, 1942. 

Map reference: U.8. fieol. Survey Indian Pass and West Pass 

7t4-inin quadrangles, scale 1:24,000. 

Features illustrated (set nos. Fla. / A-B in northeast 
comer of photographs). — The island is made up entirely 



of beach ridges and intervening marsh. It has grown 
southward about 4 miles, during the present sea-level 
stand. The pattern of ridges suggests that three ero- 
sional intervals intemipted the process of Island growth 
(C. A. Kaye, written common., 1961). 

Fla. 2. Tidal marsh and erpreas swsatp at msutk »t Sawaanee 
River 

County: Dixie and Levy. 

Lot 29“18' N.; long 83°09' W. 

Number of photographs: 3. 

Photograph scale: 1 : 32,800. 

Focal length: 5.2 in. 

Date flown: Mar. 26, 1951. 

Map reference: U.S. Ged. Survey Suwannee and East Pass 

7B-min quadrangles, scale 1:24,000. 

Features illustrated (set nos. Fla. £ A-C in northeast 
comer of photographs ). — The Suwannee River empties 
into the sea through several distributaries. The land 
along the shore is a tidal marsh that is generally 1-2 
miles wide and is traversed by intricately meandering 
tidal estuaries. Slightly higher and drier ground is 
cypreas swamp. Similar cypress swamp, bordered to 
seaward by tidal marsh, forms a belt 5-10 miles wide 
along the coast of northwest Florida. Altitudes are 
generally not more than 6 feet (C. A. Kaye, written 
commun., 1961). 

Fla. 3. Shoreline changes at Lacoola Island, I944-M 

County: Lee. 

Lot 26“41' N.; long 82M6' W. 

Numb4.T of photographs: 4. 

Photograph scale: 1:20,000, 1944; 1:28,000, 1951, I960; 

1:62,000, 1950. 

Date flown: 1944, 1950, 1951, I960. 

Map reference: U.S. Geol. Survey Port Boca Grande and 

Bokeelia TH-mln quadrangles, scale 1:24,000. 

Features illustrated (set nos. Fla. I A, t C, and 1 D in 
southeast comer of photographs; set no. Fla. I B in north- 
east comer of photograph). — The island (1950photograph) 
consists of several sets of beach ridges with small areas 
of mangrove swamp on its east side. In 1960, sediment 
was carried out through a gap in the barrier islands 
(Boca Grande, northwest quadrant of .same photo- 
graph) and built a curved bar west of the island on Big 
Shoal. Comparison of the 1944 and 1951 photographs 
shows that during this 7-year interval the cuspate fore- 
land on the gulf side of the island was prograded and 
the bar on Big Shoal was modified. The 1960 photo- 
graph, taken 2 months after hurricane Donna hit the 
coast, .shows that part of the bar had moved comud- 
erably nearer to the island. The cuspate foreland had 
been eroded and curves northward. This erosion sug- 
gests the movement of sediment in that direction 
during the hurricane (M. T. El-Asliry, written com- 
mun., 1963). 
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Ga. 1. Stone Movntain. a graaitk dome 

County; Dc Kalb. 

Lat 33®48' N.; long 84 W W, 

Number of pbotographe; 2. 

Photograph scale. 1 ; 29.000. 

Focallength; Bln. 

Date flown; Mar 9, 195B. 

Map reference: U.8. Geol. Survey Slone Mountain 7H-niin 

quadrangle, wale 1:24,000. 

Geology reference; Hopson, C. A., 1958, Exfoliation and 
weathering at Stone Mountain, Georgia, and their bearing 
on disfiguration of the Confederate monument: Georgia Min- 
eral Newsletter, v. 11, no. 3, p. 65-79. 

Features iUustraUd (set ncs. Ga. 1 A~ B in southeast 
corner of photographs). — This prominent gntiiitic dome 
(imiscovite-quaru monzoriile) rises nearly KOO feel 
above the rolling Gecjrgia piedmont. The dome is 
largely bare rock and no joints are visible. The n»ck has 
been quarried at the biuse of its south and east slopes. 
The Confederate Memorial on its north side is in 
shadow. The fart that the sheeting in the quartz mon- 
zonite. which cannot he seen in these phol<»graphs. con- 
forms closely to the topography indicates that sheeting 
is caused by relief of primary confining pressure during 
unloading because of ero.sion. 

Hawaii 1. Topographic contraata on Kohala Monntala 

County: Hawaii. 

Ul 20^05' N.; long 15SM3' W. 

Number photograplis: 6. 

Photograph scale: 1 : 45,000. 

Focal length; 6 in. 

Date flown: Oct. 14, 1944. 

Map reference; U.8. Oeol. Survey Honokane and Kamuela 
7^min quadranglea, scale 1:24,000. 

Gecric^y reference: Stearns, H. T., and Macdonald, Q. A., 1946, 

Geology and ground-water rraourcea of the Island of Hawaii: 
Hawaii Div. Hydrography Bull. 9, 36^1 p. ; geol. map (pi. 1), 
scale 1:125,000. 

Features illustraUd {set nos. llaxcaii 1 A-F in north- 
west comer of photographs).’^^Vh\9, strip of six photo- 
graphs extend.s from the wet northeast slope of Kohala 
Mountain, a 6,000-f<H)t volcano, to its dry southwest 
slope. Just northeast of the summit on the windward 
side, the rainfall exceeds 400 inches a year, the slopes 
are heavily forested, and deep precipitous canyons ex- 
tend to the coast. On the lee side of the crest the rainfall 
drt»ps abruptly to less than 100 inches per year and 
decreases to less than 50 inches farther down the south- 
western slo|>e where the forest is absent and the small 
ephemeral streams arc only .slightly incised, (’inder 
cones mark the inoimlain crest. 

Hawaii 2 . Lava terrain on dry went coaal of Island of Hawaii 

County: Hawaii. 

Lat 19*48' N.; long I56W W. 

Number of photographs: 3. 



Photograph scale: 1 : 42,000. 

Focallength: 6 In. 

Date flown: Oet. 1, 1964. 

Map reference: U.8. Qeol. Survey MakaUwena and Kibolo 
7H-nvin quadrangleo, scale 1:24,000. 

Geology reference: Wentworth, C. K., and Macdonald, G. A., 
1953, Structures and forma of basaltic rocks in Hawaii: 
U.8. Geol. Survey Bull. 994, 98 p. 

Features UlustraUd {set nos. Hawaii t A-C in southeast 
comer of photographs). — Flowing basaltic lava is usu- 
ally Concentrated into one or two main streams. 
Under certain conditions, fluid lava beneath the crusted 
surface may drain away and convert the channel into a 
tube. The course of such a tube in the southeast quad- 
rant of photograph 2 B is marked by a line of holes 
through the roof. Aa lava, such as the Kaupulehu flow 
of ISOl, is rough and rubbly, and it photographs dark. 
The surface of paboehoe lava is continuous, though 
perhaps hummocky; it photographs light, although the 
rock itself is the same color as that in the aa flow. 

The older flows support more vegetation than the 
younger flows in the same climatic zone. A single flow 
may he hare of v^etation in zones of low rainfall and 
densely covered in zones of high rainfall (southeast 
quadrant of photograph 2 A). 

A sea cliff is cut on the 1801 flow as well as on older 
prehistoric flows. 

Hawaii 3* East slope of Mauna Kea north of Wallaka River 

County: Hawaii. 

Ut 19*46' N.; long 155*13' W^ 

Number of photographs: 2. 

Photograph scale: 1:44,200. 

Focal length : 6 in. 

Date flown: Oct. 14, 1954. 

Map reference: U.8. Geol. Survey Piihonua 7H-min quadrangle, 
ficalo 1 : 24,000, and Honorou 1 5-min quadrangle, scale 1 : 62,500. 
Geology reference: Steams, H. T., and Macdonald, G. A., 
1046, Geology and ground-water rcsourcee of the Island of 
Hawaii: Hawaii Div. Hydrography Bull. 9, 363 p.; geol. 
map (pi. 1), scale 1:125,000. 

Features illustrated {set nos. Hawaii 5 A-B in northwest 
Comer of photographs). — The eastern slope of Mauna 
Kea at altitudes from about 2,500 to 3,000 feet where 
rainfall ranges from 250 to 300 inches a year. The 
slope of the volcano has a well-integrated drainage 
system developed in Pahala Ash overlying basalt lava. 

Hawaii 4. Coaotal margin «f Manna Kea north of Hilo 

County: Hawaii. 

Ut 19*46' N.; long 155*06' W. 

Number of photographs: 2. 

Photograph scale: 1:45,000. 

Focallength: Gin. 

Date flown: Oct. 14, 1954. 

Map reference: U.S. Geol. 8ur\'oy Hilo and Piihon<ia 7H-niin 
quadranglcsi, «cale 1:24,000, and Honomu 15-min quadrangle, 
.'icale 1:62, .*>00. 
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Geolo^ refemioe: Steams, H. T., and Macdonald, G. A., 1946, 
Geology and ground«water reaourcca of the laland of Hawaii: 
Hawaii Dlv. Hydrography Bull. 0, 363 p.; geol. map ({d. 1,) 
scale 1:125,000. 

Feaiure$ UlMstroUd {set iws. Hawaii 4 A-B in norihwext 
comer oj photographs). — The eastern slope of Mauna 
Kea along the coast where rainfall ranges from 150 to 
200 inches a year. Near the coast are many deep and 
steep-sided meandering canyons and a sea cliff, both 
carved in the Pahala Ash that overlies basalt. The sea 
cliff is about 100 feet high. 

Hawaii 6. Tke undiasecled eaat alope af Mauaa Lot near 
terminal of 1942 flow 

County: Hawaii. 

Ut 19’38^ N.; long 155*13^ W. 

Number of photographa; 2. 

Photograph scale: 1:44,200. 

Focal length: 6 in. 

Date flown: Oct. 14. 1954. 

Map reference; U.S. Gcol. Survey Piihonua and Puii .Makaala 
7H-min quadrangles, scale 1:24,000 

Geology* reference; Stearns, H. T., and Macdonald, G. A., 
1946, Geology and ground-water resources of the Island of 
Hawaii: Hawaii Div. Hydrography Bull. 9, 363 p.; grol. map 
(p). 1). scale 1:125,000. 

Features iUustraUd {set nos. Hawaii 5 A-B in north- 
west comer oj photographs). — The northeast slope of 
Mauna Loa at an altitude of 2,500-3,000 feet where 
rainfall ranges from 250 to 300 inches a year. The slo|>e 
is mainly undissected. The rock is basalt. The terminus 
of the 1942 lava flow and of an older 1852 flow to the 
north are in the northwest quadrant of photograph 5 A. 

Hawaii 6. Coastal margin of Manna Loa south of HUo 

County: Haw'aii. 

Lat 19"4r N.i long 165*01' W. 

Number of photographs: 2. 

Photograph scale; 1:43,000. 

Focal length; 6 in. 

Date flown: Nov. 12, 1954. 

Mop reference; U.S. Geol. Sur\'ey Hilo and Keoau Ranch 
7>4-min quadrangles, scale 1:24,000. 

Geology reference: Stearns, H. T., and Macdonald, G. A., 
1946, Geology and ground- water resources of the Island of 
Hawaii: Hawaii Div. Hydrography Bull. 9, 363 p.; geol. map 
(pi. I), scale 1:125,000. 

Features illustrated {set nos. Hawaii 6 A-B in north- 
west comer oj photographs). — The east slope of Mauna 
Loa near the coast where rainfall ranges from 150 to 
200 inches a year. The east slope of the volcano lacks 
stream channels, and the coastline is .smooth. The rock 
is basalt lava. 

Hawaii 7. PUaare emptions from southwest rift zone. Mauna 
Loa 

County: Hawaii. 

Lot 19“18' N.; long 155*43' W. 

NumbiT of plK»lograph.s: 3. 



Photograph scale: 1:41,200. 

Focal length: 6 in. 

Dale flown: Oct. 1, 1954. 

Map reference; U.S. Gcol. Suiv'cy Mauna Loa and Honaunau 
15-min quadrangles, scale 1:62,500. 

Geology reference; Stcarna, H. T., and Macdonald, G. A., 
1946, Geology and ground-water reoources of the Island of 
Hawaii; Hawaii Div. Hydrography Bull. 9, 363 p.; geol. map 
(pi. 1), scale 1:125,000. Finch, R. H., and Macdonald, G. A.. 
1953, Hawaiian volcanoes during 1950: U.8. Geol. Survey 
Bull. 996-B, 89 p.; geol. map (pi. i), scale 1:190,000. 

Feature) iUustrated (eet nos. Hawaii 7 A-C in soutAeagl 
comer oJ photograph)). — Hawaiian eruptions of basaltic 
lava commence with copious emission of gas^charged 
lava from long fissures or rifts. Several undated rift 
eruptions and parts of several historic eruptions came 
from the southwest rift zone of Mauna Loa that passes 
through the center of photograph 7 B. In the southwest 
quadrant, a row of 1919 cinder cones are west of the 
main rift zone and south of a line of pits (black dots in 
white area) that marks a lava tube. A lino of black 
spatter cones on the main rift zone south of the 1919 
cones marks the 1926 rift and associated lavas. The 
1960 rift (black line in northeast quadrant) produced 
lava rivers that flowed westward. The 1960 flows are 
not shown on the topographic map which was sur- 
veyod in 1926. It is difficult to identify the ages of all 
the flows shown in these photographs without reference 
to plate 1 of Steams and Macdonald and plate 1 of 
Finch and Macdonald. 

Hawaii 8. KUaaea Caldera 

County: Hawaii. 

Lat 19'^5' N.; long 155*17' W. 

Number of photographs: 3. 

Photograph scale: 1:35,000. 

Focal length: 6 in. 

Date flown: Oct. 14, Nov. 1, 1954. 

Map reference: U.S. Geol. Survey Kilauea 15-min quadrangle, 
scale 1:82,600. 

Geology reference: Macdonald, Q. A., and Eaton, J. P,, 
1957, Hawaiian volcanoes during 1954: U.S. Gcol. Survey 
Bull. 1061. B, p. 17-72; pi. I, scale 1:24,000. Macdonsid, 
G. A., and Hubbard, D. H., 1961, Volcanoes of the national 
parka in Hawaii [2d ed.]: Hawaii Nat. History Asaoc., 41 p. ; 
flg. 4, scale 1:62,500. 

Feature) iUu)traUd (set no). Hawaii 8 A-C in south- 
east comer of photographs). — The summit caldera of 
Kilauea Volcano is bordered by fault scarps and 
floored by lava flows erupted within the last century. 
Along the western and northoni edges arc step faults. 
Near the southwest edge of the caldera floor is the 
“Fire Pit” Haloinaumau, a crater about 500-feet deep 
that is the focus of Kilauea’s eruptive activity. In 
these photographs the spatter cone of the 19.52 erup- 
tion stands above the flcKir of Halematiman, which is 
covered with lava formed in 1952 and 1954. A fissure 



Digitized by Google ' 




34 



AERIAL PHOTOGRAPHS OP GEOLOGIC FEATURES IN UNITED STATES 



that extends east-northeast from the northeast side 
of the crater fed the 1954 lava flow, whose dark color 
on the aerial photographs contrasts with the surround- 
ing lighter colored weathered flows. Open fissures that 
extend southwest from Halemaumaii are the surface 
expression of the north end of the southwest rift of 
Kilauea. Obliq\ie view is northward; Manna Kea is 
in the background. 

Hawaii a. Pit craters and iara lakes on flank of Kiianea 
Voicano 

County: Hawaii. 

Lat I9®22' N.; long 155W W. 

Number of photographs: 2. 

Photograph scale : 1 : 44,000. 

Focal length: 6 in. 

Date flown: Oct, 14, 1954. 

Map reference: U.8. Geol. Survey Puna 15-min quadrangle, 
scale 1:62.500. 

Geology reference: Steams, H. T., and Macdonald, Q, A., 
1946, Geology and ground-water resources of the Island of 
Hawaii: Hawaii Div. Hydrography Bull. 9, 36il p.; geol. 
map (pi. 1), scale 1 : 125,000. 

Featurts Ulu^traied {set nos. Hawaii 9 A-B in souths 
east comer of photographs.) — The features visible on 
the photographs are as follows, listed from oldest to 
youngest: Flow of lava from forest-covered dome; 
summit of crater, Kane Nuio Hamo, near the center of 
northwest quadrant of photc^aph 9 A. Collapse of 
earliest Makaopuhi pit crater just south of dome. 
Lava from fissures forming an east-west*trending flow 
just north of pit craters; now covered by a dense 
single-species forest. Collapse of Napau pit crater 
(northeast quadrant of photograph 9 A). Another flow 
from fissures and into the Napau crater to form a 
lava lake now partly forested. Flow from area to the 
west covers the west edge of photograph 9 A and ends 
along the curved forest border that passes around the 
west edge of Makaopuhi pit crater; this flow also formed 
a lava lake in this pit that has since collapsed. 

Hawaii 10. Flank eruptions near Kapoho, 1055 and 1000 

County: Hawaii. 

Lat 19"30' N.; long 164 “'SI' W. 

Number of photograplu: 4. 

Photograph scale: 1:43,000, 1954; 1:40,000, 1961. 

Focal length; 6 in. 

Date flown: Nov. 12, 1954, Feb. 4, 1961. 

Map reference: U.S. Geol. Survey Makuu and Kalapana 15- 
min quadrangles, scale 1:62,500. 

Geology reference: Macdonald, G. A., and Eaton, J. P., 1964, 

Hawaiian volcatioee during 1955; U.S. Geol. Survey Bull. 
1171, J70 p.; map (pi. I), seal** 1:62,500. Kichtcr, D. H., 
and Eaton, J. P., 1960, The 1959-60 eruption of Kilauea 
Volcano: Now Scientist, v. 7, p. 094-997. Macfionald, G. A., 
1962, The 1959-60 eruption of Kilauea V'olcano, Hawaii, and 
the construction of walls to reatrict the spread of lava flows: 
Bull. Volcanol. v. 24. p. 249-294; map (fig. 2). 



Features iUustraisd (set nos. Hawaii 10 A-B in north- 
west comer). — The 1954 photographs show that the 
Kapuho-Cape Kumukahi region is an area of sugarcane 
fields and forest land. The town of Kapoho nestles on 
the north side of the prehistoric cone Kapoho on the 
edge of a shallow northeast- trending graben. 

The 1961 photographs (set nos. Hawaii 10 C-D in 
southeast corner) show the same area ravaged by two 
flank eruptions of Kilauea Volcano. Between March 1 
and 6, 1955, 36 million cubic yards of lava and cinders 
were erupted from vents west of the Kapoho cone 
(near center of west edge of photograph 10 D). This 
lava forms the Kii flow which covered 1,100 acres 
south of Kapoho (the dark area that extends east- 
west just south of cone). Between January 13 and 
February 20, 1960, 156 million cubic yards of lava 
were extruded from vents north and east of Kapoho; 
the lava covered 2,000 acres of land (in northeast 
quadrant of same photograph) and formed 500 acres 
of new land beyond the former coastline. 

Idaho 1. Sand dnnea on floor of Eagle Co?e aouth of Snake 
Rlrer 

County: Owyhee. 

Lat 42®53' N.; long US«42' W. 

Number of photograpke: 2. 

Photograph scale: 1 : 20, (XX). 

Focal length: 8.25 in. 

Date flown; July 24, 1957. 

Map reference: U.S. Geol. Survey Sand Dunes 7H-min 
quadrangle, scale 1 ; 24,000. 

Geology reference: Malde, H. E., Powers, H. A., and Marshall, 

C. H., 1963, Keconnaissance geologic map of wcat-ccntral 
Snake River Plain, Idaho: D.8. Geol. Survey Mbc. Geol. 
Inv. Map 1-373. 

Features illustrated (set nos. Idaho 1 A-B i» southeast 
comer of photographs). — The most prominent feature 
of this small dune field is an irregular hill of bare sand, 
more than 450 feet high and about a mile long. The 
dunes rest on the flat floor of the cove, which is 2-3 
miles acrt»ss and Is on embayment in the cliffs on the 
south side of the Snake River between Hammett and 
Bruneau. The .sand comes from the flat upland surface 
west of the cove and about 360 feet above its floor. 

Idaho 2. Patterns of mounds and stripes near Glenns Perry 

County: Elmore. 

Lat 43“03' N.; long ll6®ir \V. 

Number of photographs: 2. 

Photograph scale: 1 : 20,000. 

Focal length: 8.25 in. 

Date flow n; Oct. 22, 1950. 

Map reference: U.8. Geol. Survey King Hill 15-min quad- 

rangle, {vealn 1:62, .WO. 

Geology reference: Malde, H. E., 1964, Patterned ground in 

the w'osiem Snake River Plain, Idaho, and it« possible cold- 
climate origin: Geol. Soc. America Bull., v. 75, p. 191-208; see 
pi. 1, fig. I. Malde, H. E., Powers, H. A., and Marshall, C. H., 
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19S3, RMonn&iBBance geologic map of woeUcontral Snake 
River Plain, Idaho: U.8. Geol. Survey Miac. Geol. Inv. Map 
1-373. 

Features illuatrated (set nos. Idaho S A-B in southeast 
comer oj photographs). — A plateau of weathered basalt, 
smoothed by mass wasting, is marked by cloe^y 
packed circular mounds of silt about 50 feet in di- 
ameter. These mounds are surrounded by a dark 
pavement of basalt rubble. An apron of basaltic 
colluvium along the southeast margin of the plateau 
is also marked with mounds, but these lie along down- 
hill stripes of soil that alternate with stripes of rubble. 
The pattern of mounds, pavement, and stripes probably 
is a relict of a former periglacial climate. (Idaho 2 and 
3 overlap.) 

IdalM S. EarthBew near KJn< Hill 

County: Elmore. 

Let 43®02^ N.; long W. 

Number of photographs: 3. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: Oct. 22, 1050. 

Map reference: U.8. Geol. Survey King Hill 15-min quadrangle, 

scale 1 : 62,500. 

Geology reference; Malde, H. E., Powers, H. A., and Marshall, 
C. H., 1903, Reconnaissance geologic map of wcet-central 
Snake River Plain, Idaho: U.S. Ge<4. Survey Misc. Ge(d. Inv. 
Map 1-373. 

Features illustrated (set nos. Idaho S A-C in southeast 
comer oJ photographs). — An earthflow covering about 2 
square mil€B$ lies immediately north of King Hill in the 
southwest quadrant of photograph 3 B. It descended 
1,000 feet to King Hill Creek, a tributary of the Snake 
River, and came to rest on uncoiiHolidated sand and 
gravel that hod been previously deposited by cata- 
strophic outflow from Pleistocene Lake Bonneville. 
Well-deflned slump blocks, still capped by basalt, are 
conspicuous features in the upper part of this landslide. 
Patterned ground is visible on top of the basalt mesa. 
(Idaho 2 and 3 overlap.) 

Idaho. 4. Grarel bara and acabland near King Hill 

County: Elmore. 

Ut 42®58* N.; long 115*1P W. 

Xiimbor of photographs: 3. 

Photograph Bcain: 1:20,000. 

Focal length: 8.25 in. 
l>atc flown: Oct. 22. 1950. 

Map rc/erenco: IJ.8. Geol, Survey Pat»ad<‘tia Valley 7^-min 
quadrangle, scale 1:24,(MM). 

Geology reference: Malde, H. K., Powen*, H. A., and Marshall, 

C. H., 1963, IteconnaisAance geologic map of west-central 
Hnake River Plain, Idaho; I*. S. Geol. Survey Misc. Geol. Inv. 
Map 1-373- Malde, H. E„ 1960, Evidence in the Hnake River 
Plain, Idaho, of a catastrophic flood from Pleistocene Ijake 
Honneville, in Short papiT>» in the geological sciences: I ’.8, t Jeol. 
Survey Prof. Paper p. H29.5 B297. 



Feaiures iUustrated (set nos. Idaho 4 A-C in southeast 
comer oj photographs). — The surface of a basalt flow 
between Snake River and the railroad (east part of 
photograph 4 B) has potholes and other scour features 
caused by passage of a gigantic flood when Pleistocene 
Lake Bonneville overflowed into Snake River near 
Preston. Farther downstream (The Pasture, northeast 
quadrant of same photograph), streamlined bars of 
basaltic gravel overlie the basalt. West of the river, in 
the southern part of photograph 4 B, enormous bars of 
boulder gravel form a high bench separated from the 
west wall of the canyon by a marginal channel — Pasa- 
dena Valley — floored with flne-grained deposits. 

Idaho 5. RifI zone. Craters of the Mooa 

County: Butte. 

Lat 43*27' N.; long 113*34' W. 

Number of photographs: 3. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Dale flown: July 23, 1959. 

Map refcreiico: U.8. Geol. Survey Craters of the Moon Na- 
tional Monument, Idaho, scale 1:31,660. 

Geology reference: Steams, H. T., Crandall, Lynn, and 
Stewar<l, W, G., 1938, Geology and ground-water resources 
of the Snake River Plain in southeastern Idaho: U.8. Geol. 
Sufvey Water-Supply Paper 774, 268 p.; geol. map (pi. 13), 
scale 1:47,500. 

Features illustrated (set nos. Idaho 6 A-C in southeast 
comer of photographs). — Basaltic cinder cones, many 
of which are alined along a northwest-trending rift zone, 
have conspicuous craters of various sizes. In places the 
rift zone is marked by a line of small spatter cones (near 
center of photograph 5 B). The craters are surrounded 
by dark-toned basalt flows that issued from the rift 
zone. Older basalt flows, in part covered by vegetation, 
are in the north half of photograph 5 A. 

Idaho 6. Patterned allavial fana near Mackay 

County: ’ Custer and Butte. 

Ut 43*47' N.; long 113*29' W. 

Number of photographs: 2. 

Photograph scale: 1:20, 0(K). 

Focal length: 8.25 in. 

Date flown: Aug. 1, 1946. 

Map reference; C.8. Geol- 8ur\‘cy Idaho Falls sheet, scale 
1:250,000. 

Geology reference: Malde, H. E., 1964, Patt4*med ground in 

the western Snake River Plain. Idaho: Geol. Soc. America 
Bull., V. 75. no. 3, p. 191-208. 

Features iUustrated (set nos. Idaho 6 A-B in southeast 
comer oj photographs). — Dissected gravel fans that 
border the Big Lost River valley near Mackay are 
marked with a distinct pattern of silt mounds that may 
represent the effects of a former periglacial climate. 
Similar feaiures are described by Malde (1964). 
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Idaho 7. Monaa Bultea 

County: Madison. 

Lat 43®47' N.; long 111®5S' \V. 

Number of photograplxs: 3. 

Photograph scale: 1:25.000. 

Focal length: 6 in. 

Date flown: Oct. 8, 1950. 

Map reference: U.8. Oeol. 8ur\'ey Menan Butu« 
quadrangle, scale 1:24,000. 

fJcology reference: Hamilton, Warren, and Myera, W. B., 1963, 

Menan Buttes, cones of glassy basalt tufl* in the Bnake River 
Plain, Idaho, in Short papers in geology, hydrology, and topo- 
raphy: U-8. Oeol. Survey Prof. Paper 46tl-E, p. E114-R11B. 

Fe^dures iUustraitd (set nos. Idaho 7 A-C in «oufA- 
easi comer oj photographs). — The Menan Buttea are two 
cones of basalt tuff that rise from a surface of Recent 
basalt flows on the Snake River Plain 20 miles north of 
Idaho Falls. Asymmetry of the Menan Buttes demon- 
strates northeastward drift of pyroclastic ejecta parallel 
to the prevailing \^inds. The cones were built by small 
fragments of solid glaas that were erupted explosively 
within the craters and then fell to form the inner walls 
of the craters as well as the outer slopes of the cones. 
The meandering chatmel of Snake River and its wooded 
flood plain are also well shown on these photographs. 

111. 1. Hicks Dome 

County: Hardin. 

Lat 37*32' N.; long 88“23' W, 

Number of photographs: 2. 

Photograph scale: 1 : 20,000. 

Focal length: 8.25 in. 

Date flown: July 12, 1952. 

Map reference: U.8. Oeol. 8ur%'ey Karhers liidge and Herod 
7H*min quadrangles, scale 1:24,(KM>. 

Geology reference; Snyder, F. O., and Gerdemann, P. E., 1965, 
Explosive ignt'oua activity along an llUnoia-Mtssouri-Kansas 
axis: Am. Jour. 8ci., v. 263, p. 465 493; g<>ol. map (fig. 2), 
scale 1 : 186,500. 

Features illustrated {set nos. III. t A-B in southeast 
comer o] photographs). — Hicks Dome, a low wooded 
limestone hill, Is surrottnded by an oval-shaped shale 
valley about 2 miles in longest diameter. These Devonian 
limestones include several explosion breccias or dia- 
tremes (not visible on photographs). A collar of wooded 
hills carved in outward-dipping Pennsylvanian sedi- 
mentary rocks surrounds the valley. 

Ind. 1. Indiana aand dunea 
County: Porter. 

Lat 41*39' N.; long 87*04' W. 

Number of photographs: 2. 

Photograph acale: 1:20,000. 

Focal length; 8.25 in. 

Date flown: July 8, 1054. 

Map reference: IL8. Oeol. Survey Dune Acrrn 7j'*-min quad- 
rangle. scale 1 : 24.000. 

0«H)loRy reference; Cr«MH*y. O. B., 1928, The Indiana sand 
dune.H and shon*limr< of the I«ake Michigan basin: Grog. Hoc. 
Chicago Hull. 8, 80 p. 



Ftainrt* iUustraUd {»tt no«. Ind. I A-B in touiKeagi 
comer of photograph*) . — A belt of dunes about half a 
mile wide lies along the shore of Lake Michigan, 
between the beach and the marsh that separates the 
dunes from an older beach and dune ridge that is 
closely followed by highway and railroad. The dunes 
rise as much as 180 feet above the lake; in places a 
foredune — a discontinuous ridge — is adjacent to and 
parallel with the beach. The dunes on the shore are 
forested except for blowouts or great tongues of bare 
sand that project inland. 

Ind. 2. Paint bar on Ohio Rlfer flood plain near Hendoraon 

County.' Vanderburgh and Henderson. 

Lat 37"S2' N.; long 87'38' W. 

Number of photographs: 4. 

Photograph wale: 1:28,400. 

Focal length: 6 in. 

Date flown: Apr. 16, I960. 

Map reference: U.8. Oeol. Survey Wilson, Henderson, West 

Franklin, and Evansville 7^f~min quadrangles, scale 1:24,000. 

Feature* iUuitrated (*et no*. Ind. g A-D in northeaxt 
comer of photograph*). — In the photographs, the 
meandering Ohio River flows from right to left. The 
entire area is covered by river alluvium e.xcept for 
loess-mantled hills in the northeast corner of photograph 
2 D and except for dune sand along the river under the 
city of Henderson. The flood plain on the right bank 
of the river is a large point bar with two distinct 
patterns of low swell and swale topography. Configura- 
tion of the swells and swales in the central and east 
part of the point bar indicates a lateral southward 
movement of the river. Bedrock at Henderson has now 
deflected the river, and lateral cutting and building 
of the point bar, which have been concentrated on the 
southwest side, have formed a series of swells and swales 
at variance with the earlier ones. (L. L. Ray, written 
comraun., 1965). 

Iowa 1. Topafraphlc dlKoatlnuilie* of the Des Meinee lobe 

County: Buena Vista. 

Lat 42“38' N.; long 95"I2' W. 

Number of pliotographs: 3. 

Ptiotograph wale: 1 : 70,000. 

Focal length : 6 in. 

Date flown: 8ept. 23, 1950. 

Map referenee: D.8. Gcol. Survey Fort Dodge sheet, wale 

1:250,000. 

Geology reference: Ruhe, R. V., 1952, Topographic discon- 

tinuities of the Des Moittes lobe: Am. Jour. 8ci., v. 250, 
p. 46 56, fig. 2. 

Features illustrated (*et nos. Iowa 1 A-C in northeast 
comer of pAofojp-apAA).— Cultivated fields on poorly 
drained Cary drift (north half of photograph 1 B) 
have a mottled appearance that is lacking on the belter 
drained Tazewell drift (south half of photograph 1 A) 
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where the individual fields appear sharp and clear. 
The contact between the two drifts closely follows 
the railroad that runs northward from the south edge 
of the photographs to encircle Storm Lake and continue 
on in a northwest direction. There is also a difference 
in degree of integration of drainage between the area 
mantled by Tazewell drift and that mantled by Cary 
drift. The Tazewell surface has a high drainage density 
compared with that of the Cary drift. This contrast is, 
however, not obvious on these photographs. 

Iowa 2. Paha in Benton County 

County: Benton. 

Lat 42*11' N.; \on% 92*14' W. 

Number of photographs: 2. 

PhotoKraph scale: 1:20,000. 

Focal length: 8.2S in. 

Date flown: Sept. 14, 1963. 

Map reference: U.8. Gcol. Survey Waterloo sheet, scale 
I ; 250,000. 

Geology reference: Scboltes, W. H., 1956, Propt*rties and 
cUssifleation of the paha loess-derived soils in northeastern 
Iowa: Iowa Htate Ceil. Jour. 8cl., v. 30, no. 2, p. 16.'i-200. 

Features iilustraUd {set no«. Iowa $ A-B tn southeast 
comer of photographs). — According to Scholtes (see 
his fig. 6), two northwest-trending ridges, or paha, 
are in the southeast quadrant of photograph 2 A. The 
wooded area is an irregularly shaped paha, and a 
second cultivated ridge is just north of the woods, 
largely between the railroad and the section-line road 
that almost exactly bisects the north and south halves 
of the same photograph. The northern paha is covered 
with loess except for two small outcrops of Kansan 
till. The plain around the paha is Iowan drift with 
patches of loess. 

Iowa 3. Paha acar Vinton 

County: Bcntoti. 

Lttl 42-11' N.; long 92*10' W. 

Number of photographic 3. 

Photograph scale : 1 : 70,000. 

Focal length: 6 in. 

Date flown: Oct. 18, 1960. 

•Map reference: U.8. Geol. Surx'ey Waterloo sheet, scale 
1:250,000. 

Cieology reference: Scholtes, W. H., 1955, Properties and 

classification of the paha loess-derived soils in northeastern 
Iowa: Iowa Stale Coll. Jour. Sci., v. 30, no. 2, p. 163-209; 
see fig. 3. 

Features iUustrated {set nos. lovxi 3 A-C in northeast 
comer of phcAographs). — A group of locss-covered 
ridges that have a pronounced northwest trend, are 
on the Iowan drilt plain just west of Vinton on Cedar 
River (near the center of photograph 3 O) and are 
shown in figure 3 of Scholtes’ paper. (Iowa 2 covers 
area in southwest quadrant of Iowa 3 A.) 



Kaaa. 1. Changes In ehnnnol of CinMrrwa River near RuUn. 

im 60 

County: Morton. 

Lat 37*13' N.; long 101*38' W. 

Number of photographs; 6. 

Photograph scale : 1 : 20,000. 

Focal length; 8.25 in. 

Date flown: Aug. 23, 1936, and June 29, 1960. 

Map reference: U.8. Geol. Survey Dodge City sheet, scale 
1:250,000. 

Geology reference: Sohumm, S. A., and Lichty, R. W., 1963, 
Channel widening and flood-plain construction along Cimarron 
River in southwestern Kansas: IJ.8. Gcol. Survey Prof. 
Paper 352-D, p. 71-88, fig. 48A. 

Featunt UlustraUd (set nos. Kane, t A~F in wniiheatt 
comer oj pkotograpke). — These two triplets show a 
narrowing of the channel and a growth of vegetation 
on the flood plain along the Cimarron River north of 
Rolla, Kans., that took place between 1936 and I960. 
West of the bridge along State Route SI, the channel 
had an average width of about 2,500 feet in 1936 and 
of about 800 feet in 1960. This change occiured during 
a period of above-average annual precipitation and 
floods of low to moderate peak discharge. Vegetation 
became established in the wide sandy channel and 
aided deposition and flood-plain formation. 

Ksm. 2. F1al-lr1a( Unestone aad shale la the Flint MIIU 

County: Pottawatomie. 

lAt 39*17' N-: long 96*33' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length; 8.25 in. 

Date flown: Sept. 18, 1937. 

Map reference: U.8. Geol. Survey Manhattan sheet, scale 
1:250,000. 

Geology reference: Scott, G. R., Foster, F. W., Crumpton, 
C. F., 1959, Geology and constructional material resources 
of Pottawatomie County, Kansas: U.S. Geol. 8ur\'ey Bull. 
1060-C, p. 97-178; gcol. map (pi. 2), scale 1 :62,500. 

Features illustrated {set nos. Kans. t A-B in southeast 
comer oJ photographs). — Flat-lying cherty limestone 
and shale of Permian age in northeast Kansas. The 
white bands are outcrops of limestone; the wider gray 
bands are intervening beds of shale. Area is prairie; 
trees grow only in valleys on the banks of Cedar Creek 
and its tributaries that are incised below the Flint 
Hills Upland. 

K,. I. Sand Ridge at Flaherty 

County: Meade and Hardin. 

Lat 37*49' N.; long 86*04' W. 

Number of photographs: 3 

Photograph scale: 1:24,000. 

Focal length; 6 in. 

Date flown: Jan. 25, 1960. 

Map reference: U.8. Ged. .Survey Flaherty 7H-min quadrangle. 

MTole 1:24,000. 
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Geology reference: Swsdley, W. C., l063, Geology of the 
Flaherty quadrangle, Kentucky: U.S. Geol. Sun'ey Geol. 
Quad. Map. GQ-229. 

Features ULustrated {set nos. Ky. I A-C in eoaiheast 
comer oj photographs) . — The sandstone member of the 
Mooretot^m Formation (Mississippian) was deposited 
in a large channel cut deeply into the underlying Ste. 
Genevieve Limestone and St. Louis Limestone. Krosion 
has transformed the sandstone member into Sand 
Kidge, which south of Flaherty is largely wooded. 
East of the town, the ridge is less prominent and largely 
bare of trees. The low^ rolling hills and flats uith 
numerous broad shallow sinkholes west of the longitude 
of Flaherty are on the Ste. Genevieve Limestone. 
East of the line, the underlying St. Louis Limestone 
is marked by many small and deep sinks, excopt for 
a very broad sink (or valley) floored with alluvium 
near the center of photograph 1 A. 

Ky. 2. Sinkhole* In cherty Hmettone near Brletow 

County; Warren. 

Lai 37"02* N.; long 86*16' W. 

Number of photographs: 2. 

Photograph scale: 1:18.000. 

Focal length: 6 in. 

Date flown: Feb. 12, 1954- 

Map reference: U.8. Geol. Survey Bristow 7H-min quadrangle, 
scale 1:24,000. 

Geology reference: Gildereleeve, Benjamin, 1963, Geology of 

the Bristow quadrangle, Kentucky: U.8. Geol. Survey Geol. 
Quad. Map GQ-216. 

Features illustraUd (set nos. Ky. S A-B in northeast 
comer oj photographs). — Broad and shallow' sinkholes 
in the north half of photograph 2 A have been formed 
in the Ste. Genevieve Limestone. The smaller deeper 
more steep sided and more abundant sinkholes in the 
southern half of the exposure are in St. Louis Limestone. 
Outcrops are scarce. The Ste. Geneneve Limestone, 
largely concealed beneath a w'eathered residuum con- 
taining chert blocks as much as 2 feet in maximum 
diameter, is a thick-bedded and oolitic limestone 
interbedded with nonooUtic lithographic to coarse- 
grained limestone. The St. Louis Limestone, covered 
in most places by a thick residuum of clay containing 
abundant chert nodules, Is a cherty lithographic to 
coarse-grained thin- to medium-bedded limestone. 

Ky. 3. Cedar Sink 

County: Edmonson. 

Lat 37*10' N.; long 86*10' W. 

Number of photographs: 3. 

Photograph scale: 1:23,600. 

Focal length: Bin. 

Date flown; Mar. 19, 1953. 

Map reference: U.S. Geol. Survey Hhoda 7*4-min quadrangle, 
scale 1 ; 24,000. 



Geology reference: Klemic, Harry, 1063, Geology of the 

Rhoda quadrangle, Kentucky: U.S. Geol. Survey Geol. Quad- 
Map GQ-219. 

Features illustrated (set nos. Ky. S A-C in northeast 
comer oj photographs). — The narrow flood plain of the 
meandering Green River is carved in virtually flat- 
lying Upper Mississippian limestones (Girkin Formation 
and Ste. Genevieve Limestone). The upper w'alls of 
Green River valley are composed of thick beds of 
sandstone with interbedded limestone. A stream heading 
in the southw'est comer of photograph 3 B flows north- 
eastward for about 2 miles to end in a sinkhole about 
half a mile from Green River and at about the same 
altitude. In the southeast quadrant of the same photo- 
graph, another large valley wnth gently sloping sides 
(Smith Valley) and no surface drainage contains a small 
steep-sided deep sinkhole (Cedar Sink) whose floor is 
also at about the same altitude as Green River. 

Ky. 4. Kant mar Park City 

County: Edmonson and Barren. 

Lat 37*06' N.; long 86*05' W. 

Number of photographs: 2. 

Photograph scale: 1 ; 18,000. 

Focal length: 6 in. 

Date flown: Feb- 22, 1954. 

Map reference: U.S. Geol. Survey Park City 7H-niin quad- 

ranfde. scale 1:24, 000- 

Geology reference: Haynes, D. D., 1962, Geology erf the Park 

City quadran^c, Kentucky: U.8. GooL Survey Geol. Quad. 
Map GQ-1S3. 

Features iilustraXed (s<< nos. Ky. 4 A-B in northeast 
comer oj photographs). — In the southern half of the 
photographs, the St. Louis Limestone underlies a well- 
developed karst area consisting of abundant small 
closely spaced and deep sinkholes, llie larger shallow'er 
and leas abundant sinks to the north are in the over- 
\ying Ste. Genevieve Limestone. The wooded hills have 
sandstone caps (Big Clifty Sandstone Member of 
Golconda Formation). 

La. 1. Poverty Point arckaeolofie site on terrace along Bayou 
Macon 

County: Wcet CmtoU and Ea«t Carroll Parighes. 

Lat 32*38' N.; long 91*24' W. 

Number of photographa: 3. 

Photograph scale: 1 ; 20,(XX>. 

Focal length: 8.25 In. 

Date flown: Nov. 11, 1960. 

Map reference: U.S. Gool. Sur%*cy Mitchiner 15-min quad- 

ran^e, scale 1:62,500. 

Geology reference: Fisk, H. N., 1944, Geological invceiigations 
of the alluvial valley of the lower Mlaaiasippi Riv'cr; Vicks- 
burg, Miss., Miasisaippi River Comm., 78 p.; sec pi. 15, sheet 
3, scale 1 :250,000. Ford, J. A., and Webb, C. H., 1956, Poverty 
Point, slate Archaic site in Louisiana: Am. Mua. Nat. History 
Anthropol. Papons, v. 46, pi. 1, 136 p. 
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Feahires illustrated (set nos. La. 1 A-C in southeast 
corner qf photographs). — The Poverty Point archaeo- 
logic site is on a fiat terrace separated by a 15-foot 
bluff from Bayou Macon to the east. The moat pro- 
minent topographic feature at the site is an artificial 
mound more than 50 feet high, hut the moat con- 
spicuous pattern on these photographs are six con- 
centric artificial earth ridges that form about half of 
a large octagon (northwest quadrant of photograph 
1 B. The site lies on the edge of a flat plain that is a 
remnant of an alluvial fan of the Arkansas River 
(Fisk’s stage A-1). The plain east of the hayou about 
15 feet below the fan’s surface is the remnant of a 
younger flood plain cut by the Arkansas River (Fisk’s 
stage U). Joes Bayou (east edge of photographs 1 B 
and 1 C) is the trace of a still younger, meandering 
channel of the river (Fisk’s stage 1). The archaeologists 
believe that the bluff along Bayou Macon was cut 
after the earthworks were constructed. This cut erased 
half of what may have once been a complete octagonal 
figure. Thus the earthworks were made prior to stage 
H. Fisk estimated the age of stage H as from 2,000 to 
3,000 years. Radiocarbon age determinations suggest 
that the cultural levels at the Poverty Point site are 
from 2,550 to 2,750 years old. 

La. 2. Poiat ban and natural leveca along Walnut Barou 

County: Madison Pariah. 

Lat 32"20' N.; long W. 

Number of photographs: 3. 

Photograph scale: 1 : 20,000. 

Focal length; 8.25 In. 

Date flown: May 17, 1956. 

Map reference: U.8. Geol. Survey Talla Bena 15-min quad- 

rangle, scale 1:62,500. 

Geology reference: Fisic, H. N., 1944, Geological investigations 
of the alluvial valley of the lower Mtssissippi River: Vicks* 
burg, Miss., Missiflsippi River Comm., 78 p.; see \i\. 22, sheet 
11, scale 1:62,500. 

Features illustrated (set nos. La. f A-C tn southeast 
comer oj photographs). — Walnut Bayou, bordered by 
natural levees, runs northwest across northeast quad- 
rant of photograph 2 B and Ls a se^ent of an ancient 
meandering channel or point bar of the Mississippi 
River (stage 11 of Fisk). Scrolls related to slightly 
older channels are visible northeast of the bayou 
(stages 9 and 10). Faint scrolls of still older channels 
(stages 5-7) trend north-northeast in northwest quad- 
rant of photograph 2 B. 

The wooded Indian mounds in field.s just south- 
west of the bayou (east of center of photograph 2 B) 
are the Fitzhugh archaeologic site; this site m\wt be 
younger than Fisk’s stage II, which he estimates at 
perhaps not more than 1,000 years old. 



La. S. Chenier pUin and Coleoaien Pom a( Comeren 

County: Cameron Parish. 

Ut 29*47' N.; long 93*20' W. 

Number of photographs: 3. 

Photograph scale: 1 :20,000- 

Focal length: 8.25 in. 

Date flown: Apr. 5, 1957. 

Map reference: U.8- Geol. 8ur\'ey Cameron 7K-min quad- 
rangle, scale 1:24,000. 

Geology reference: Byrne, T. V., LcRoy, D. O., Riley, C. M-, 
1959, The Chenier Plain and its stratigraphy, southwestern 
Louisiana: Gulf Coast Assoc. Geol. Soc. Trans., v. 9, p. 237- 
260. Gould, H. R., and McFarlnn, E., Jr., 1950, Geologic 
history of the Chenier Plain, southwestern Louisiana: Gulf 
Coast Assoc. Geol. Soc. Trans., v. 9, p. 261-270. 

Features illustrated (set nos. La. S A-C in southeast 
comer qf photographs). — These curving beach ridges or 
cheniers record progressive changes in the configuration 
of the shoreline as it advanced seaward during the last 
3,000 years. The cheniers are lenticular sand and shell 
bodies, averaging about 300 feet across, as much as 7 
feet thick, and as much as 30 miles long, that rest on 
finer sediment and are overlapped by marsh deposits. 
They rise from a few inches to 10 feet above the marsh. 
Radiocarbon dating indicates that the wide beach 
ridge in the northeast corner of photograph 3 A was 
part of the shoreline 2,100-2,200 years ago and that 
the cheniers become progressively younger seaward. 
The prominent one just back of the modern beach and 
adjacent mudflat is dated at 600-800 years before 
present. 

La. 4. MIssUsIppI dells; Lerees and abandoned disiribninriea 

County; Plaquemines Parish. 

Ut 29N3' N.; long 89'59' W 
Number of photographs: 1- 

Photograph scale ; 1 : 30.00U. 

Focal length ; 6 in. 

Date flown; Feb. 22, 1956. 

Map reference; U.8. Geol. Survey Points a la Hache 15-min 
quadrangle, scale 1 ; 62,500. 

Geology reference: Welder, F. A., 1959, Proceeoes of deltaic 

sedimentation in the lower Mississippi River: Louisiana State 
Univ,, Coestal Studies Inst., Tech. Kept. 12, 90 p. ; see fig. 5. 

Features illustrated (set no. La. It in southeast comer 
of photograph). — Levee west of river attains a width of 
about 1 mile and stands about 5 feet above the river. 
Except where cleared by man, the levee is wooded. 
East of the river are several abandoned distributaries, 
such as River Aux Chenes in the northeast quadrant 
of the photograph. 

U. 5. Mississippi della; Dry Cypress Bayou, an InacliTS 
dialribntary 

County; Plaquemines Parish. 

Ut 29°15' N.; long 89‘‘3l' W. 

Number of photographs: 1. 

Photograph scale: l:.30,QIXi. 
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Focal length: 6 in. 

Date flown: Mar 26, 1966. 

Map reference: U.S. Geol. Survey Empire ami Venice 15-miii 
quadrangles, scale 1:62,500. 

Geology reference; Welder, K. A., 1959, Processes of deltaic 
sedimentation in the lower Mississippi Hiver: Ix>uisiaiia State 
Univ., Coastal Studies Inst., Tech. Kept. 12, 90 p.; see fig. 7. 

Feature9 iUuttraied {«H no. La. 5 in souihtaH comer 
oj photograph). — This bayou, the last (southernmost) 
major abandoned distributary branchinfi^ from the 
bank of the Mississippi, flowed almost due south to the 
coast. Its mouth has been entirely closed, although a 
tidal channel connects it to Bay Coquette (southeast 
quadrant). This photogr&pli shows only the last 4 miles 
of the bayou. 

La. 6. MlaalMippi delta: MangraTe swamp and tidal eatnaries 
near Grand Bay 

County: Plaquemines ParUh. 

Lat 29*’23 N.; long 89*23' W. 

Number of photographs: I. 

Photograph scale: 1 :30,000. 

Focal length: Gin. 

Date flown: Mar. 26, 1966. 

Map reference: U.8. Geol. Sur\'cy Venice 16-min quadrangle, 
scale 1:62,500. 

Geology reference: Welder, F, A., 1959, Processes of deltaic 

sedimentation in the lower Mississippi River: Louisiana 
State Univ., Coastal Studies Inst., Tech, Kept. 12, 90 p.; 
see fig. 9. 

Features illustrated {set no. La. 6 tn southeast comer 
oj photograph). — Mangrove swamp (dark areas) along 
the shore, tidal marsh cut by meandering estuaries, and 
straight artiflcial channels. The area is subsiding. 
Incipient beaches on part of coast. Grand Bay is in 
southeast quadrant. 

La. 7. Mluiuippl delta: Cnbfto Gap 

County: Plaquemines Pariah. 

Lat 29*12' N.; long 89*14' W'. 

Number of photographs: 1. 

Photograph scale: 1:30,000. 

Focal length; 6 in. 

Dale flown: Mar. 26, 1966. 

Map reference: U.8. Geol. Survey W'est Delta and East l>elta 
IS'inin quadrangles, scale 1:62,500. 

Geology reference: Welder, F. A., 1959, Processes of deltaic 

sedimentation In the lower Mississippi Hiver: Louisiana 
State Univ., t^oastal Studies Inst., Tech. Kept, 12, p. 25-38. 

Features Ulustrated («€f no. La. 7 in northwest comer 
oj photograph). — Pilottown (southwest quadrant) stands 
on the nattiral levee on the left (east) bank of the 
Mississippi River. A crevasse that opened in this 
levee about a century ago, northwest of Pilottown and 
about 3 miles u{)stream from Head of Passes (south 
edge of photograph), is now Cubits Gap (northwest 
quadrant). Three distributaries diverge from Oibits 
Gap: Main Pa-ss which runs north from tiie main 



channel, Octave Pass which trends northeast, and 
Raphael Pass which flows east. Mississippi sediment 
carried by these distributaries has converted more 
than 100 square miles of the Gulf of Mexico into land 
and fresh-water lakes. The mouths of several distrib- 
utaries fed by Octave Pass are shown in La. 8. 

La. 8. MUaiMi^i delU: Meath of Dead Women Pom 

County: Plaqucminee Pariah. 

Lat 29*14' N.; long 89*08' W. 

Number of photographa: 1. 

Photograph Bcalc: 1:30,000. 

Focal length: 6 In. 

Date flown: Feb. 23, 1956. 

Map reference: U.8. Geol. Survey East Delta and Breton 
laland 15-min quadrangles, scale 1:62,600. 

Geology reference: Welder, F. A., 1959, Proceasea of deltaic 

aediinciitation in the lower Miaaiaaippi River: Louieiana 
State Univ,, Coastal Studies Inst., Tech. Kept. 12, 90 p. 

Features illustrated {set no. La. 8 in southeast comer 
oj photograph). — Area of active sedimentation near 
mouth of Dead Women Pass (northeast quadrant). 
Beaches are virtually absent. Area is a network of 
large and small distributaries bordered by marsh, 
which encloses many fresh-water ponds. These passes 
discharge part of the water that flows through Cubits 
Gap shown in La. 7. Most of the land shown in this 
photograph has been built since about 1900. 

La. 9. Mlseiaaippi delU: Saathwest Pass 

County: PlAquemines Pariah. 

Lat 28*57' N.; long 89*23' W. 

Number of photographs: 2. 

Photograph scale: 1:30,000. 

Focal length: Gin. 

Date flown: Mar. 25, 1956. 

Map reference: U.8. Geol. Survey Southwest Pam 15-min 
quadrangle, scale 1:62,500. 

Geology referenoe: Welder, F. A., 1959, Processes of deltaic 

sedimentation in the lower Miasisaippi River: Louisiana 
Slate Univ,, Coastal Studio Inst., Tech. Report. 12, 90 p. 

Futures ‘Ulustrated {set nos. La. 9 A-B I'ft southeast 
comer oj photographs). — These two photographs show 
the lower 7 miles of the pass but do not provide stereo- 
scopic coverage. The land areas are largely marsh. 
Jetties extend from the mouth of the pass for nearly 2 
miles beyond limit of the marsh. 

Maine 1. Cirques en Mount Katahdin 

County; Piscataquia. 

Lat 45*55' N.; long 68*55' W. 

Number of photographs: 3. 

Photograph wale: 1:63,000. 

Focal length: 6 In. 

Date flown: June 30, 1962. 

Map refemjce: U.8. Geol. Survey KaUhdin, Harrington Lake. 

Teloe l«ake, and Traveler Mountain 15*min quadrangle*, 
scale 1:62,500. 
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Geology reference: Caldwell, D. W., 1960, The geology 
Baxter State Park and Mount Katahdin: Maine Oeol. Survey 
State Park Geol. Ser. 2, 6-4 p.; map, scale 1 : 284,000. 

Features illusirated (sei no$. Maine 1 A--C in soutKeaet 
comer oj photographs). — Mount Katahdin rises 2,000- 
4,000 feet above the surrounding lowlands. The moun* 
tain, made of granite, has a broad gently sloping summit 
upland that is cut into by prominent glacial cirques 
(southeast quadrant of photograph 1 B). Some of the 
cirque headwalls form ar6tee or knife-edge ridges. 
Small north-trending moraines dam four small ponds 
about 2 miles northeast of the highest peaks. Land- 
slides scar the slopes of the mountains on west aide of 
photograph 1 B (Mount Coe and South Brother). 
In the western part of the same photograph, the light- 
colored curving bands on the slopes in forested areas 
are blown-down trees attributed to the 1938 hurricane. 
It is not clear why the areas of blown-down trees 
occur in bands. 

Maine 2. The Horseback along Snnkhase Stream 

County: Hancock. 

Ut 44*57' N-; long 68*25' W. 

Number of photographs; 3. 

Photograph scale : 1 : 24,000. 

Focal length; 6 in. 

Date flown: May 1, 1956. 

Map reference: U.8. Geol. Survey Great Pond 15-min quad- 

rangle, scale 1:62,500. 

Geology reference: Slone, G. H., 1809, The glacial gravels 
Maine: V.S. Geol, Sur\*ey Mon. 34, p. 108 and pi. 42. Leavitt, 
H. W., and Perkins, E. H., 1935, Glacial geology of Maine: 
Maine Tech. Expt. Sta. Bull. v. 2. Mon. 34, out of print. 

Features iUustrated (set nos. Maine 2 A-C in northeast 
comer oJ photographs), — This gravel ridge — an ice- 
channel filling or eeker — crosses the area from north- 
west to southeast. It is virtually continuous, as much 
as 70 feet high, and is bordered by swamps and, 
locally, by kames. The adjacent rounded hills are of 
granitic rock. 

Maine S. Samea Sound and Sargent Mountain. Mount Dcaert 
Island 

County: Hancock. 

Ut 44*20' N.; long 68*17' W. 

Number of photographs: 3. 

Photograph scale: 1:24,000. 

Focal length: 6 in. 

Date flown: May 7. 1956- 

Map reference; V.8. Geol. Survey Mount I>esert and Bar 
Harbor 15-mln quadrangles, scale 1:62,500. 

Ge*ology reference: Chapman, C. A., 1962, The geology of 
Mount Desert Island, Maine, with explanation and descriptive 
field guide: Ann Arbor, Mich., Edw'ards Bros., 52 p. Chapman, 
C. A., and Rioux, K. L>, 1958, Statistical study of topography, 
sheeting, and jointing in granite, Acadia National Park, 
Maine: Am. Jour. Set., v. 256, p. 111-127. 



Featuret illuttraUd (tet not. Maine S A-C in northeast 
comer of photographs). — This islsnd, largely of granitic 
rock, is cut by throughgoing U.«haped glacial valleys con- 
taining many small rock-basin lakes. These photographs 
include a segment of the more rugged part of the island. 
Sargent Mountain (northeast quadrant of photograph 
3 B) rises more than 1,300 feet above Somes Sound, a 
small fiord (west edge of same exposure). Preglacial 
valleys trending just east of north were scoured and 
reshaped by glaciers moving across the island from the 
northwest, so the dominant trend of valley and ridge is 
now slightly west of north. Many ridges are asymmetric 
and have steeper slopes on their east side (Norumbega 
Mountain, southwest quadrant of photograph 3 B). 

Md. I. Falls af the Patoaae 

County: Montgomery and Fairfax. 

Lat 39*00' N.; long 77*15' W. 

Number of photographs: 4. 

Photo|$raph scale: 1:19,000. 

Focal length: 6 in. 

Date flown: Mar. 18, 1903. 

Map reference: V.S. Geol. Survey Seneca, Rockville, Vienna, 
and Falls Church 7H-min quadrangles, scale 1:24,000. 

Geology reference: Reed, J. C., Jr., and Jolly, Janice, 1963, 

CryataUino rocks of the Potomac River gorge near Washington, 
D.C.: V.S. Geol. Survey Prof. Paper 414-H, p. H1-H15; 
geol. map (pi. 2), scale 1:12,000. 

Features Ulustrated (set nos. Md. 1 A-D in southeast 
comer oj photographs). — The photographs show Great 
Falls (white water in northeast quadrant of photo- 
graph 1 B) and a narrow gorge downstream. Bear 
Island, a narrow rocky belt, lies east of the gorge 
between it and the Chesapeake and Ohio Canal. West 
of the river is an abandoned channel. The rock is a 
bedded sequence of mica schist and quartzite that has 
interlayered amphibolite exposed in a series of nearly 
isoclinal folds. The gorge of the Potomac River that 
marks the Fall Zone begins at Great Falls in the 
Piedmont province and extends southeastward for about 
10 miles to the inner edge of the coastal plain near 
Washington. The flow of the river on the date the 
photographs were taken was about 43,600 cubic feet 
per second, 4 feet below flood stage. 

Md. r ScleallsU aiffs 

County: Calvert. 

Lat 38*31' N.; long 76*31' W. 

Number of pbotographe: 3. 

Pbotogroph scale: 1:28,400. 

Focal length: 6 in. 

Date flown: Dec. 17, 1953. 

Map reference: U.8. Geol. Survey Prince Frederick 7H-min 

quadrangle, scale 1 : 24,000. 

Geology reference: Clark, W. B., Shattuck, G. B., and Dali, 

W. H., 1904, The Miocene depoaits of Maryland, in Miocene 
(volume): -Maryland Geol. Survey, p. xxi-xciv. Singcwald, 
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J. T., Jr., and Slaughter, T. H.« 1949, Shore erosion in Tido> 
water Maryland: Maryland Dept. Geology, Mines, and 
Water Resources Bull. 6, p. 19-118. 

Features illustrated (set nos. Md. S A-C in southeast 
comer oj photographs). — These cliffs on the west shore 
of Chesapeake Bay cut off along an almost straight 
line the intricately dissected upland of southern 
Maryland carved in flat^lying beds of sandy clay, sand, 
and clay (Choptank and Calvert Formations of Miocene 
age). There is a narrow sand beach at the base of the 
cliffs. During the last 100 years, most of the cliffs 
have retreated; the total distance ranges from about 
250 to 480 feet. From the beach, the floor of the bay 
declines very gently eastward and is marked by as 
many as eight submerged bars within not more than 
1 ,000 feet offshore. 

Mass. I. Danes and beaches at Provincetown 

County: Barnstable. 

Lat 42°04' N.; long "O-IJ' W. 

Number of photographs: 3. 

Photograph scale: 1:60,000. 

Focal length: 6 in. 

Date flown: May 6, 1960. 

Map reference: U.8. Gcol. Survmy Provincetown 7H-min 
quadrangle, scale 1 : 24,000. 

Geology reference: Davis, W. M,, 1957, Geographical essays; 
chap. 25, The outline of Cape Cod: New York, Dover Publica- 
tions, Inc., p. 690-724. Bmith, H. T, U., and Measinger, 
Curtis, 1959, Geoinorphic studies of the Provincetown dunes, 
Cape Cod, Massachueetta: 11.8. Office of Naval Research, 
Geog. Branch, Tech. Kept. 1, 62 p. 

Features illustrated {set nos. Mass. 1 A-C in northeast 
corner oj photographs). — Sand dunes cover the tip of 
Cape Cod. Those dunes in the northern half of Cape 
Cod are active and largely bare; those to the south are 
stabilized by vegetation. A considerable part of the end 
of the Cape, perhaps all of it, was built by marine 
processes. Longshore transport from the east extended 
the point northward and northwestward, whereas the 
west end of the cape was eroded to build the east^ 
curving spit on the south side that protects Province- 
town Harbor. Submerged sandbars are visible offshore. 
Those on the north side parallel the shore; those to the 
south in Provincetown Harbor trend roughly at right 
angles to the -shore. 

Maas. 2. Meandering tidal ereeke in aaJt narak near Barnalable 

Coun ty : HamBtable. 

Lat 4I«44' N.; long 70*21' W. 

Number of photographs: 3. 

Photograph scale : 1 ; 21), (KK), 

Focal length: 8-25 in. 

Date flown: July 13, 1U52. 

Map reference: l*.S. Geol. 8ur\‘ey Hyannia 7H>min (piadrangk*, 
scale l:24,0m). 

Geology reference: KedfieUl, A. C., 1966, Ontogeny of a salt 

marsh catiiary: Science, v. 174, p. 69-55. 



Features illustrated (set nos. Mass, i A-C in southeast 
comer oj photographs). — Carbon-14 dating of peat 
samples from various positions and depths have en- 
abled Redfield to reconstruct the history of the marsh. 
He believes that as sea level has risen relative to the 
land during the last 4,000 years, the salt marsh bss 
been built out into the bay protected by the eastward 
growth of the sandspit (Sandy Neck, north half of 
photograph 2 B). The presence of meandering channels 
in sand on the edge of the bay (southeast quadrant of 
photograph 2 B) suggests that the intricate meander 
patterns of the tidal streams in the marsh originated 
from such meanders. During the gradual fiUing of the 
bay, the marsh extends to the margins of these mean- 
dering channels. The creeks are now in quasi-equiUbrium 
with the hydraulic forces that arise from the quantity 
of water that they must carry in response to the rhythm 
of the tide. Sand dunes with conspicuous blowouts 
mantle Sandy Neck. 

Mich. I. Shore fcatares of Glacial Lahe Dniilh 

County: Ontoaagon. 

Lat 46°42' N.; long 89*30' W. 

Number of photographs: 5. 

Photograph scale: 1:27,500. 

Focal length: 6 in. 

Date flown: Apr. 28, 1944. 

Map reference: U.S. Geol. Survey Bergland NE. and Match- 

wood NW. 7H-min quadrangles, scale 1:24,000. 

Geology reference: Leverott, Frank, 1928, Moraines and shore- 
lines of the Lake Superior basin: U.S. Gcol. Survey Prof- 
Paper 154-A, p. 1-73. Hack, J. T., 1965, Postglacial drainage 
evolution and stream geometry In the Ontonagon area, Michi- 
gan: U.S. Gcol. Surv'cy Prof. Paper 504-B, p. B1-B40. 

Features illustrated (set nos. Mich. 1 A-E in northeast 
comer oj photographs). — The plain in the north half of 
the photographs has a thin mantle of till overlying in- 
terbedded till and lake deposits and in photograph 1 B 
shows glacial fluting by ice that moved southward 
beyond the limits of the area shown in these photo- 
graphs. Hills in the southern part of the area are vol- 
canic rocks of Precambrian age. Beach and wave-cut 
cliff can be seen in the southern half of photograph 1 B, 
together with a sand and gravel bar across the middle 
part of bay (southwest quadrant of photograph I C). 
Tombolos are present in the northwest and southeast 
quadrants of photograph 1 E; the one in the southeast 
quadrant i-s outside the area of overlap. The faint curved 
trace of the younger and lower shoreline of Lake Duluth 
is seen in the north center of photograph 1 A. 

Mich. 2. Poatglaeial drainage controlled by gloclal flutinga 

County: Untonagon. 

Ut 46°48' N.; long 89*25' W. 

Number of photographs: 2. 

Photograph scate: 1:27,500- 
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Focal IcngUi: 6 in. 

Date flown: Oct. 19. 1943. 

Map reference: U.S. Geol. SuiATy Ontonagon IS-miii quad* 
rangte, acale 1:62,500. 

Geology reference: Leverett, Frank, 1928, Moralnea and 

ahorelinea of the Lake Superior basin: U.S. Geol. Sur\'ey Prof. 
Paper 154-A, p. 1-73. Hack, J. T., 1965, PoeigLadal drainage 
evolution and stream geometry in the Ontonagon area, Michi* 
gan: U.S. Geol. Surv'ey Prof. Paper 604-B, p. BI-B40. 

Ft<Aure» Ulutinsted (ut not. Mich, t A-B tn norihtoiA 
comer oj photographs) . — A till plain veneered with very 
thin lake eedimente and crossed by glacial grooves or 
flutings which have controlled the postglacial drainage 
pattern. Cranberry River in the east part of photo- 
graph 2 B is entrenched 40-80 feet in glacial tiU and 
bedrock. The wavelength of meanders of Cranberry 
River changes abruptly near the comer of the road. 
The riverbed is in till and alluvium north of this point 
and in shale and sandstone bedrock south of it. Beaver 
ponds in glacial grooves in south part of photograph 
2 A. 

Mtch. 3, Bedrock and teaalal featares on Keweenaw Peninanla 

County: Kowconaw. 

Ut 47”2«' N.; long SS’ia' W. 

Number of phoiographa: 2. 

Photograph oeale : t : 27,200. 

Focal length: 6 in. 

Date Iton-n: Oct. 8, 1943. 

Map reference: U.S. Oeol. Survey Kagle Harbor 7H~mln 
quadrangle, scale 1:24,000. 

Geology reference: Cornwall, II. R., and Wright, J. C., 1934, 
Bedrock geology of the Eagle Harbor quadrangle, Michigan: 
U.S. Geol. Survey Geol. Quad. Map GQ-.36. 

Features iUustrated (set nos. Mich. S A-B in northeast 
comer oj photographs). — Northward-dipping basalt and 
andesite flows and conglomerates of Keweenawan age 
form cuestas parallel to the south shore of Lake Su- 
perior. Conspicuous lineaments trending a little west 
and a little east of north, some of which are stream 
valleys, are caused by faults of small displacement. 
Throughout most of the area, the bedrock is concealed 
beneath glacial drift. Prominent dunes are behind the 
present curving beach. The shoreline east of the dunes 
is controlled by an outcrop of lava flow behind which 
are numerous abandoned beach ridges. The gray area 
at the foot of the bedrock slope a mile east of the dunes 
is mine tailings. 

Mick. 4. CaceUs aad ■traadlinH on Keweenaw Peninanla 

County: Keweenaw. 

Lnt 47°27' N.; long 88°03' W. 

Number of photographs; 4. 

Photograph scale: 1:27,200. 

Focal length: 6 In. 

Date flown: Ocl. 8, 1943. 

.Mop n-ference: U.S. Geol. Surt'ey Delaware 7H-min quad- 
rangle, scale 1 : 24,000. 



Geology reference: Cornwall, H. R., 1954, Bedrock geology of 
the Delaware quadrangle, Michigan: U.S. Geol. Survey Geol. 
Quad. Map GQ-31. 

Features iilustrated (set nos. Mich. 4 A-D in northeast 
comer of photographs). — Northward-dipping conglom- 
eratss and lava flows of Precambrian age form cuestas 
parallel to the south shore of Lake Superior and sub- 
merged reefs offshore. Lineaments striking N. 10°-1S° 
W. across the conglomerate ridge in the center of 
photographs 4 C mark the trend of minor faults of a 
type that locally contains native copper veins in the 
lava series to the south. An esker in the center of 
photograph 4 A trends northward through a fault- 
controlled gap in the lava ridge to merge with a delta(7) 
graded to the highest level of Lake Algonquin. The 
supposed delta is dissected by a stream that flows 
north through a gap in a conglomerate ridge and that 
has built a fan or possibly a delta graded to a lower 
glacial lake level. 

Mick. S. Eiker near Black Lake 

County: Cheboygan. 

Let 45°23' N.; long 84 '2S' W. 

Number of photographs: 2. 

Photograph flcaio: 1:17,000. 

Focal length: 6 in. 

Date flown: May 5, 1933. 

Map reference: U.S. Oeol. Survey Tower 13-min quadrangle, 
scale 1:62,500. 

Features illustrated (set nos. Mich. 5 A-B in northeast 
comer of photographs). — A narrow steep-sided esker 
about 3D-60 feet high crosses these photographs from 
northwest to southeast. The ridge is bordered by 
swamp and in places by much larger masses of drift, 
probably kames. 

Mich. 6. Bcack ridges at Haamaad Bay 

Ck)unty: Praaque Isle. 

Lat N.; long 84®07' W. 

Number of photographs: 2. 

Photograph scale: 1 ; 17.000. 

Focal length: 6 in. 

Date flown: Apr. 25, 1954- 

Map reference: U.S. Geol. Survey Grace and Onaway 16-min 
quadranglca, scale 1:62,500. 

Features illustraUd {net nos. Mirh. ft A-B in north- 
eagt comrr oj phoiographt ). — These repilar curving 
parallel beach ridges, about 40 in number, form a mile- 
wide belt parallel U> the shore at the west end of Lake 
Huron. The beaches and intervening swales form a 
platform lha( rises fn»m the lakeshore to a height t>f 
about 40 feet at the inner edge of the beach-ridge belt. 

Minn. 1. Attenaated drumllaa east of Hewitt 

Ckjunty: Todd. 

Ut 46«2IV N.; long 05*03' W. 
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Number of photographs: 2. 

Photograph scale ; 1 : 20,000. 

Focal length: 8.25 in. 

Date flown; July 21. 1963. 

Map reference: U.8. Oeol. Survey Braincrd sheet, scale 
1:250, 000- 

Geology reference: Wright, H. K-, 1957, Stone orientation in 

Wadena drumlin field, Minnesota: Geog. Annaler, v. 39, no. 1, 
p. 19-31; see fig. 3. 

Features iUnstrated (set nos. Minn, t A-B in norths 
east corner oj photoffraphs).^The»e lonj; ridges, largely 
cultivated land, range from 15 to 30 feet in height and 
are symmetrical in cross s^tion and in profile. Side 
slo;>e8 are less than 3^. The ice that nu>lded the drum- 
lins moved south-southwest. The ridges consist largely 
of a yellowish-brown sandy calcareous till. Streams 
occupy shallow valleys between and parallel to the 
druinlins. (Compare with Mont. 5.) 

Minn. 2. Ico-cliannel filling east of Grand Rapids 

County: ItaiKra. 

Ut 47®ir N.; long 03*18' W. 

Number of photographs: 2. 

Photograph scale: 1 ; 17,000. 

Focal length: 0 in. 

Date flown: May 2, 1947. 

Map reference: tt.8. Geol. Survey Calumet 7H-ndn quadrangle, 
scale 1:24,000. 

Geology reference: Cotter, R. !>., Young, H. L., and Winter, 
T. C., 1964, Preliminary surficial geologic map of the Mcaabi- 
Vcrmilion Iron Range area, northeastern Minnesota: U.8. 
Geol. Survey Misc. Geol. Inv. Map 1-403, scale 1:125,000. 

Features illustrated {set nos. Minn. 2 A-B in nortkeasi 
comer of photographs ). — A prominent northwest-trend- 
ing ridge indented and bordered by kettle lakes extends 
diagonally across the photographs. In the northwest 
quadrant of phott^aph 2 B the ridge is narrow and 
steep sided, but to the southeast it becomes a flat- 
topped ridge as much as a quarter of a mile wide. The 
ridge is probably an ice-channel filling. It is bordered 
by a rolling till-covered plain dotted by lakes and 
swamps. Swan River follows a winding course across 
the plain. 

MIm. 1. Ancient raennders near Grace arthaeelegie site 

County: Issaquena. 

Ut 32*59' N.; long 90*58' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: Nov. 30, 1949. 

Map reference: U.S. Geol. 8ur\*ey Lorenzen l5-min quadrangle, 

scale 1:62,500. 

Geology refen'nee: Fisk, H. N., 1944, (Geological invceltgalione 

of the alluvial valley of the lower Mississipia River: Vicksburg, 
.Miss-, .Mississippi River C^rmn., 78 p. ; s(‘c pi. 15, sheet 3, 
and pi. 22, sheet 9. 

Features iUustrated {set nos. Miss. I A-B in southeast 
comer oj photographs ). — The broad forest and swamp- 



covered meander (Lafayette Lake; part of Fisk’s 
stage 10) bisects an older meander, largely cultivated 
land (stage 9) in the northeast quadrant of photograph 
I B. The area south and east of these two meanders 
(southeast quadrant of photograph 1 A) lacks a scroll 
pattern and is a remnant of a deposiUonal segment of 
the Mississippi River flood plain that is considerably 
older (stage B3) than the two ages of meanders. The 
Indian mounds southeast of the junction of the two 
meanders (just northeast of center of photograph 1 A 
and west of road) are the Grace archaeologic site. 

Mist. 2. Meander scrella on flood plain near Tippo 

County: Tallahatchie. 

Ut 33"63' N.; long 90*13' W. 

Number of photographs: 3. 

Photograph scale; 1:20.000. 

Focal length: 8.25 in. 

Date flown; Sept. 21, 1062. 

Map reference; C.8. (Geol. Survey Philipp 15-min quadrangle, 
scale 1:62,500. 

Features iUustrated {set nos. Miss. 2 A-C in southeast 
comer oj ;>5ofopmpA?).— Meander scrolls, oxbow lakes, 
and .sloughs on alluvial plain of Yazoo Basin about 50 
miles northeast of Greenville. One set of meander 
scrolls covers most of photograph 2 A, except where 
intersected by younger scrolls in the southwest corner 
of the photograph. Much of the area is cleare<l; only 
the larger depres-sions of the meander scrolls are tree 
covered. The local relief ranges from less than 5 to 
nearly 10 feet. 

Mo. t. Precambrian core of Saint Francois Monntalns 

County: Iron. 

Ut 37*37' N-; long 90*38' W. 

Number of photographs: 3. 

Photograph scale: 1 : 20.000. 

Focal length: 8.25 in. 

Date flown: Oct. 18, 1954- 

Map rcfcrcnoc: V.S. Geol. Survey Ironton 15-min quadrangle. 
scttU^ 1:62,500. 

(Geology reference: McCracken, M. II., compiler, 1961, Geo- 

logic map of Missouri; Missouri Geol. Burvey and Water 
Resources Div., scale 1:500,000. 

Features illustrated {set nos. Mo. t in southeast 

corner oj photographs ). — Rounded hills of Precambrian 
crystalline rocks stand al>ove the lowlands underlain 
by sedimentary rocks <»f ('ambrian age in the center 
of the Saint Francois Nfounlains. 

Mo. 2. Salem Plateau along Crooked Creek 

County: I>ent. 

Lat 37*50' N.; long 91*24' W. 

Number of photographs: 4. 

Photograph acale: 1:24,000. 

Focal length: 6 in. 

Date flown: July 8, 1959. 
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Map reference: Geol. Survey Steelvillc 15*mm quadrangle, 

scale 1:62,500. 

Geology reference: Snyder, F. G., and Gerdemanti, P. E., 1965, 
Explcwive igneous activity along an lUinols-MisdOuri^Kansaa 
axis; Am. Jour. Sci., v. 263, no. 6, p. 465-493. 

Features illustrated (set nos. Mo. t A-D in southwest 
comer ofpkotoffraphs). — These photographs show a part 
of the Salem Plateau section of the Ozark Plateaus on 
the northwest side of the Saint Francois Mountains. 
Essentially flatlying dolomite beds, largely of Ordovican 
age, form wooded hills that rise 100-200 feet above 
narrow cultivated vaUeys. Crooked Creek, a tributary 
of the Meratnec River, flows northward across the 
northeast quadrant of photograph 2 C. The cultivated 
uplands west of the river include the central part of the 
Crooked Creek disturbance, a complex ring structure 
3-4 miles in diameter bounded by high-angle faults. 
None of the detailed structural features of this dis- 
turbance can be seen in the photographs. 

Mo. 3. Siblerranean stream piracy near Jefferaon City 

County: Cole. 

Lai 38®33' N.; long 92®CM' W. 

Number of photographs: 4. 

Photograph scale: 1:24,000. 

Focal length: 6 in. 

Pate flown: Apr. 7, 1965. 

Map reference: U.8. Geol. Survey Jefferson City 15-min quad> 
raiiglc, scale 1:62,500. 

Geology reference: Breti, J H., 1965, Gcoinorphic history of 
the Osarks of Missouri: Missouri Geol. Sur\*ey and Water 
Resources I>iv., 2d ser., v. 41, p. 111. 

Features illustrated (set nos. Mo. 3 A~D in northeast 
comer of photographs) .—Bluff 6 on the south side of the 
narrow flood plain of the Missouri River expose flat- 
lying beds of cherty dolomite that to the south form 
steep-sided hills 150-300 feet high. The meandering 
Moreau River (west edge of photograph 3 B) enters the 
Missouri by way of a gorge through a narrow peninsula 
of rock. A recently abandoned course of the Moreau 
River extends eastward just south of the Missouri 
trench to join the Osage River less than a mile from 
where the latter joins the Missouri. The modem 
Moreau River gorge may be an example of subterranean 
stream piracy. 

Moat. 1. Lewis oTerthnist near Chief Monnlaln, Glacier 
National Park 

County : Glacier. 

Lot 48*56' N,; long 113*37' W. 

Number of photogrupha : 3. 

Photograph Hcale: 1 : 60,000. 

Focal length: 6 in. 

Date flown: Aug. 25, 1958. 

Map reference: P.8. Geol. Survey Chief Mountain 30>iniii 
((UAdrangle, scale 1:125,000. 



Geology reference: Dyson, J. L., I960, The geologic story of 

Glacier National Park: Glacier Nat. History Assoc. Spec. 
Bull. 3 (rev.), 24 p. 

Features illustrated (set nos. Mont. 1 A-Cin southeast 
conwT of photographs). — C'hief Mountain, a steep-sided 
block of resistant argillite of the Belt Series of Precam- 
brian »ige (just south of renter of photograph 1 C), rests 
on a broad ridge of Cretaceous shale. Chief Mountain 
is an outlier of the Lewis overthrust, as are the stnall 
hills southwest of the mountain. Elsewhere the virtually 
flat-lying rocks of the Belt Series above the thrust 
plane form curving and branching mountain ridges 
(light-colored aretus in most of photograph 1 B) with 
steep sloi>es or cUlTs that are coinriumly the hcadwalls 
of cirques and are partly mantled by talus de[H>sits. 
The Precam brian rocks were thrust eastward over the 
Cretaceous strata. The trace of the overlhrust zigzags 
back and forth, more or less follmring the base of the 
light-colored cliffs in photograph 1 A. 

Mont. 2. BUckfoot Glacier, Glider National Park 

County: Glacier. 

Lat 48*36' N.; long 113*40' W. 

Number of photograpba: 4. 

Photograph scale: 1:60,000. 

Focal length: 6 in. 

Date flown: Aug. 25, 1958- 

Map reference; U-8. Geol. tiurvey Chief Mountain 30-min 
quadrangle, scale 1:125,000. 

Geology reference: Dyson, J. L., 1952, Glaciers and glaciation 

in Glacier National Pork; Glacier Nat. History Assoc. 8pec. 
Bull. 2 Irev.J, 24 p. 

Features illustrated (set nos. Mont. 2 A-D m southeast 
edge of pAofo^rap/(W).— This glacier hangs on the head- 
wall of a north-faring cirque (southwest quadrant of 
photograpli 2 B) carved in more or less flat-lying rocks 
of the Belt Series. The cirqvies contain bare moraines 
of Recent age. Ardtes and horns are conspicuous. The 
major valleys are U-shaped and contain conspicuotis 
steps or glacial staincays. 

Mont. 3. Moraiaea and gravel benckeo near Deep Creek 

County: Teton. 

U\t 47*43' N-. long 112*32' W. 

Number of photographs: 3. 

Photograph scale: 1 ; 37,200. 

Focal length; 6 in. 

Date flown: July 13, 1955. 

Map reference: U.S. Geol. Survey Lake Theboe and Split Rock 
Lake 7)i-min quadrunglrs. scale 1 : 24,000. 

Geology reference: Aldcn, W. C-, 1932, Physiography and gla- 

cial geology of eastern Montana and adjacent areas: U.S. 
Geol. Survey Prof. Paper 174, p. 46, 120, and pi. I. Slebinger, 
Eugene, 1919, Oil and gas geology of the Bird: Creek-Sun 
River area, northwestern Montana: U.S. Geol. Survey Bull. 
691, p. 149-184. 

Features illustrated (set nos. A/o«f. 3 A-C in southeast 
corner of f>hotographs).—Dee\i Creek (north edge of 
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photograph 3 A) is incised about 200 feet below an 
eastward sloping gravel licnch that to the west, partly 
buries low hills coinposetl of closely folded Cretaceous 
sandstone and shale (northwest tpiadrant of photo- 
graph 3 11). The creek may have originatetl as an ice- 
marginal stream because it follows the north edge of 
Alden’s Sun River glacier which flowed eastward onto 
the plains. South of Deep Creek are several east- 
trending lateral moraines and many small ponds and 
swamps. 

Mont. 4. Dikea and domes in Bearpaw Mountains 

County; Btainc. 

Lot dS'iy N.; long I09M0' W. 

Number o( photographs; 3. 

Phot ogmpli scale: 1:63,360- 
Kocal lengtlt: 6 in. 

Date flown: Oct. 25, 1952. 

■Map reference: U.S. Geol. Survey Hnttleanake 15-min quod- 
rangie, scale 1 :62,.500. 

Geology reference: Hearn, B. C., Jr., Pecora, W. T., and 
•Swadley, W. C., 1965, Geology of the Kattleanakc quadrangle, 
Blaine County, Montana: U.8. tlcol. Survey Bull. 1181-B; 
geoi. map (pi. 1), scale 1 :31,aS0. 

Featvrt3 illustrated (set nos. Mont. ^ A-C in north- 
east section oj photographs). — Domes, dikes, and other 
Eocene intrusive rocks arranged in radial pattern. 
Several domes, 1-2 miles in diameter, on the outer 
edge of the hills in the southwest quadrant of photo- 
graph 4 B are otitlincd by outward-dipping Cretaceous 
sedimentary rocks. The slightly elongate dome about 2 
miles southeast of the center of the west edge of the 
photograph, has a core of igneous rock. An east-west 
dike is visible about half a mile to the north. The 
drainage is radial. To the west and to the southeast the 
bedrock is mantled by gravel deposits at several 
different levels. 

Moat. 5. Ice»fluted till plain east ef Havre 

County. Philliptf. 

Lat 48*23' N.; long 108*23' W. 

Number of photographs: 2. 

Photograph aciUe : 1 : 20,000. 

Focal length: 8.25 in. 

Date flown; July 12, 1U53. 

Map fi'ferrnce; P.S. Gcol. Survey Havre sheet, scale 1 : 250,000. 
Geology rt^erence; Colton, K. B., Idcmke, K. W., ntui Lindvall, 
K. M., 1U61, Glacial map of Montana cost of Kocky Moun- 
tains: U.S. Gcol. Surv'cy Misc. Geol. Inv. Map 1-327, scale 
1:500.000. 

Features illustrated (set nas. Mont. 5 A B in northeast 
corner of photographs). — Till plain fluted by ice advanc- 
ing from the northwest; the ridges are mainly elon|!ftted 
dniinlin.s. Postglacial drainage forms a trellis pattern 
controlled by the flutes. 



Meat. 6. Drift border near Martin Lake 

County: Phillips. 

Ut 48*49' N.; long 107*55' W. 

Number of photographs: 2. 

Photograph scale: 1 :20,000. 

Focal length: 8.25 in. 

Dale flown: July 20, 1954. 

Map reference: U.S. Geol- Survey Glasgow sheet, scale 
1:250,000. 

Geolc^y reference: Colton, K. B., Lemke, R. W., and Lindvall. 
B. >1., 1961, Glacial map of Montana east of the Rocky Moun- 
tains; U.S. Geol. Hur\*ey Misc. Geol. Inv. N(ap 1-327, scale 
!: 500, 000. 

Features musiraied {set n<w. Mont. 6 A-B tn northeast 
comer oj photographs). — The linear ridge across the 
northern third of these photographs is part of a terminal 
moraine built by south-moving ice. The moraine 
separates an area of knob and kettle topography to the 
north from a well-drained and moderately dissected 
plain (outwash plain?) to the south. The conspicuous 
north-ROUtli valley that cuts across the entire area and 
the broad valley near (be south edge of the photographs, 
which contains ^^a^tin Lake, are mdt-water channels; 
the latter valley predates the moraine. 

Mont 7. Volcoflie rocks and CreCaeeons sediments in Besrpsw 
Monntsins 

County: Blaine. 

Lat 48*02' N.; long 109*16' W. 

Number of photographs: 2. 

Photograph scale: 1:63,360. 

Focal length: 6 In. 

Date flown: Oct. W, 1952. 

Map reference: U.S. Geol. Survey Maddux and Rattlesnake 

15-min qundrangleff, scale 1:62,500. 

Geology reference; Bryant, Bnioe, Schmidt, R. G., Pecora, 
W. T., I960, Geology of the Maddox quadrangle, Bearpaw* 
Mountains, Blaine County, Montana: U.S. Gcol. Sur\'cy Bull. 
1081-C, p. 91-116; geol. map (p|. 3), scale 1:31,680. 

Features illusiraied («ff no#. Afonf. 7 A-B tn northeast 
corner oj photographs). — Tilted middle Eocene flow^ 
and pyroclastic roclts (west part of photograph 7 A) are 
separated by a soiitiicast-trending fault from pre- 
volcanic Cretaceous and lower Tertiary sedimentary 
rocks. The bods of volcanic rock ore cut off by the fault. 

The volcanic rocks f(»nn small rugged hills witii lower 
drainage density than the less rugged area to the east 
carved in the Cretaceous Bearpaw Shale. The are<i east 
of the fault includes extensive gravel benches at various 
levels. 

Mont. 8. Dlotreme and faalt strncturea south of Bearpaw 
Mountains 

County: Blntitc. 

Ut 47*.MV N.; long 109*12' \V. 

Nurolw'r of photographs; 3. 

Phot ograph scale: 1 ; 20,000. 

Focal length: 8.25 in. 

Date flown: Aug. 22, 1956. 
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Map refercnw: U.8. OeoL Survey Bird Rapida TH-min quad- 

rangle, scale 1:24,000. 

(leology reference: Rcevc», Frank, 1924, Geolog>* and possible 

oil and gaa resources of (he faulted area south of the Bearpaw 
Mountains, Montana: U.8. Gcol. Survey Bull. 75I-C, p. 71- 
114; geol. map (pi. IS), scale 1:125,000. 1046, Origin and me- 
chanics of thrust faults adjacent to the Bearpaw Mountains, 
Montana: Gc<^. Soe. America Bull., v. 57, p. 1033-1047. 

Ffaiurrs illustrated (set not. Mont. 8 .4-C in northeast 
earner of photographs). — On these photographs tlie dark 
areas are largely Bearpaw Shale, and the light areas 
are the underlymg Judith River Formation which m- 
cludes sandstone, siltstone, and shale. The Bearpaw 
Shale lies flat, hut the Judith River Formation is 
raised up along high-angle faults and gently tilted. 
These bands or lineaments were thought by Reeves to 
be due to shallow deformation within a gravity slide 
.sheet, the base of the slieet lymg about 1,500 feet below 
the present valley floors. 

The circular diatreme about 1,000 feet hi diameter 
(near center of photograph 8 A) is a volcanic pipe filled 
with pyroclastic rocks; the light-colored patches near 
its txirder are blocks of younger Cretaceous and Ter- 
tiary formations, now eroded away, which have been 
dropped several thousand feet into the pipe (B. C. 
Hearn, Jr., written common., 1964). 

Mont. 9. Ice. marginal drainage channels east of Little Rock, 
Mountains 

County: Phillips. 

Lot 47'49' N.; long 108'23' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length; 8.25 in. 

Date flown: July 10, 1053. 

■Map reference: U.8. Geol. .Survey lewistoam sheet, scale 

1:250,000. 

Geology reference; Colton, R. B., ia:mke, R. \V,, and Lindvall. 
R. M., 1061, Glacial map of Montana east of the Rocky 
Mountains: U.8. Geol. Survey Misc. Geol. Inv. Map 1-327, 
scale 1 : 500,000. 

Fealurfs iilmirated (set no^. MmU, 0 A~B in northeast 
comer oj pkotographa). — A group of subparallel chan- 
nels run southward across the uplands as sliown in the 
center of photograph 9 B. These melt-water channels 
were cut when soiitheast-draining valleys from the 
Little Rocky Mountains were dammed by a tongue of 
early Wisconsin ice that came from the northeast. 

Monts 10. Desiccation emclui near Bearer Creek 

County: Phillips. 

Lat 47"51' N.; long I08®I4' W. 

Number of photographs: 2. 

Photograph scale: 1:20,0CM). 

Focal length; S.25 in. 

Date flown: July 10, 1953. 

Map reference; U.S. Geol. Sur\'oy Lewistown sheet, scale 
1:250,000. 

»t-0M O • M • 4 



Geology reference: Colton, R. B., Lemke, R. W., and Lindvall, 

R. M., 1901, Glacial map of MonUna oast of the Rocky 
Mountait^: U.S. Geol. Survey Miac. Geol. Inv. Map 1-327, 
scale 1:600,000. 

Features UluMrated {set nos. MorU. 10 A-B in northeast 
comer of photographs). — Giant desiccation cracks on the 
flat valley floor south of Beaver Creek. Some of the 
individual polygons are as much as 200 feet across. The 
volley floor is surrounded by hills of Cretaceous Bear- 
paw Shale. 

Mont. 11. Antelope Sag 

County. Sheridan. 

Lai 48®41' N-; long 10 *^ 27 ' W. 

Number of photographs: 3. 

Photograph scale: 1 :20,000. 

Focal length; 8.25 in. 

Date flown: July 9, 1949. 

Map reference: U.S. Gcol. Sur\'ey .Antelope and Shippe Canyon 

7)4'nun quadrangles, scale 1 : 24,000. 

Geology reference; Witkind, I. J., 1959, Quaternary geology of 
the Smoke Crock-Medicine Lake, Grenorn area, Montana and 
North Dakota: U.H. Geol. Survey Bull. 1073, p. 27-34, fig. 11. 

Features illustrated {set nos. Mont. 11 A-Cin northeast 
comer of photographs). — Antelope Sag is a faint depres- 
sion acros.s the upland now followed by the highway 
and the railroad that run north-south through the 
center of photograph 11 B. The sag mark.s the ap- 
proximate location of an ancestral outwash channel 
now wholly concealed beneath till. Following the cut- 
ting of this old channel, the area w'O-s overridden by a 
westward-advancing ice sheet. During the subsequent 
eastward retreat of the ice front, melt water cut a new 
horseshoe-shaped channel around the ice margin. When 
the ice withdrew from the area, the north-trending 
ancestral valley w^as filled with till, and Big Muddy 
Creek drainage used the new channel west of Antelope. 

Monl. 12. Dagmar Channel, an oalwaah channel eeparalinf 
two till aheeta 

County: Sheridan. 

Lat 4S“40' N.; long HM‘10* W. 

Number of photographs: 3. 

Photograph scale; 1 :20,000. 

Focal length: 8.25 in. 

Date flown: July 30, 1940. 

Map reference: U.S. Geol. Sur\*cy Wolf Pmnt sheet, scale 

1:250,000. 

Geology reference; Wilkind, I. J., 1959, Quaternary geology of 
the Smoke Creek- Medicine Lako-Orenora area, Montana and 
North Dakota: U.S. Geol. Survey Bull. 1073, 80 p.; see geol. 
map (pi. 1), eastern part, scale 1:62,500. 

Features iUustrated {set nos. Mont. 12 A~Cin northeast 
comer of pAofo^rapA^r).— Dogmar Channel, about 1 mile 
wide, trends south across the central part of photograph 
12 B. The area to the west is a till plain of an early 
Wisconsin(?) ice sheet, and it lias a well-integrated 
drainage system. Dagmar Channel was cut by melt 
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watsr flowing along the west edge of a younger ice 
sheet (Mankato age), and it is floored by well-sorted 
outwash sand and gravel; Clear Lake is a kettle at its 
eastern edge. East of Dagmar Channel the Mankato 
till plain retains its original knob-and-kettle topogra- 
phy; no integrated drainage system exists. 

Monl. IS. Tilting of aneient eoarses of Madison River 

County: Madison. 

Lat 44®48' N.; long 111*29' W. 

Number of photographs: 3. 

Photograph scale: 1 : 59,000. 

Focal length: 6 in. 

Date flown: Sept. 6, 1954. 

Map reference: U.8. Gcol. Survey Cliff Lake and Ilebgen Dam 

15-min quadrangles, scale 1:62,500. 

Geology reference: Myers, W. B., and Haimlton, Warren, 1964, 

Deformation accompanying the Hebgcn Lake earthquake of 
August 17, 1959; U.8. Ge<rf. Surrey Prof. Paper 435-1, p. 55-98; 
sec pi. 2 and figs. 47 and 48. 

Features itiustraUd (set nos. Mont. IS A-Cin northoast 
comer oj photo^phs), — The Madison River leaves its 
canyon (northeast comer of photograph 13 B) to flow 
along the north edge of broad Madison Valley. South 
of the river (largely in northwest quadrant of same 
photograph) are a flight of river terraces cut on OH- 
gocenc(?) rhyolite. The higher terraces, although con- 
siderably dissected, rise westward because of a general 
northeasterly tilting of much of the area shot^Ti in this 
photograph. The successively younger terraces are also 
tilted, but this tilting is not easy to see. A recent fault 
scarp bounds the west front of the Madison Range 
(east edge of photograph 13 B). There was a slight 
northeast tilt of this part of the Madison Valley duruig 
the Hebgen Lake earthquake. The cutting of the trough 
of Cliff Lake (near center of west edge of photograph 
13 B) must postdate the formation of the high terraces 
east of the lake. 

Mont. 14. Hebgen Lake earthquake: PresHdo view of Madison 
River canfon 

County: Madison. 

Lat 44*49' N.; long 111*26' W. 

Number of photographs: 3. 

Photograph scale; 1 : 16,000. 

Focal length: 8.25 in. 

Date flown: Sept. 19, 1956. 

Map reference: U.8. Geol. Sun*ey Hebgen Dam 15*min quad* 

nuigic, scale 1 ; 62,500. 

Geology reference: Hadley, J. B., 1964, Landslides and related 

phenomena uccompanying the Hebgen Lake earthquake of 
August 17, 1959: U.8. Getrf. Sur>'ey Prof. Paper 435-K, p. 
107-121. 

Features illustrated (set nos. Mont. 14 A-Cin northeast 
comer oJ photographs). — Madison River canyon prior to 
the Madison slide that descended the south wall of the 
canyon in the southwest quadrant of photograph 14 B. 



Dolomite buttress can be seen on the thickly wooded 
south wall of the canyon. The slide extended upriver 
(to northeast) to a point about at the center of photo- 
graph 14 B and downriver to the western edge of fan 
at mouth of south-draining dry wash; about a I-mile 
segment of the canyon floor was buried. Rock Creek 
camp ground (later largely buried by slide) lies on the 
northwest side of the river. 

Moat. 16. Hebgen Lake earthquake: The Madison slide 

County: Madison. 

Lat 44*40' N.; long 111*26' W. 

Number of photographs: 4. 

Photograph scale: 1 : 10,000. 

Focal length: 8.25 in. 

Date flown: Aug. 22, 1959. 

Map reference: U.8. Qeol. Survey Hebgcn Dam 15*min quad* 

ran^e. scale 1:62,500. 

Geology reference: Hadley, J. B., 1964, Landslides and related 

phenomena accompanying the Hebgcn Lake earthquake of 
August 17, 1959: U.8. Geol. Survey Prof. Paper 43.5-K, p. 
107-121. 

Features Ulustrated (set nos. Mont. 16 A-D in north 
comer oj photographs) . — Thirty-seven million cubic yards 
of broken rock sUd into the Madison River canyon 
and buried a mile of the river and highway to a depth 
of 100-200 feet and then rode some 400 feet up the 
opposite canyon wall. These photographs were taken 
5 days after the earthquake. The south wall of Madison 
Canyon is formed by Precambrian schist and gneiss 
which are deeply weathered and fractured and which 
dip northward at high angles. These rocks were overlain 
and held in place by a dolomite buttress, a remnant of 
which still shows on the northwest side of the slide. 
Apparently the buttress failed, and the schists and 
gneisses broke along a curving, concave-upward plane 
and slid valleyward. Dolomite shows as a sinuous white 
ridge along the north edge of the slide. Much of the 
deeper part of the slide, concealed by loose surface 
material, consists of blocks of bedrock which slid as 
distinct units. Earthquake Lake, along the east edge of 
the slide, is filled with debris and as yet is not high 
enough to submerge all trees. 

Monl. IS. Hebsen Lake earthsuake: HebSen fanit scar, 
along northwest orm of Hebgen Lake 

County: Gallatin. 

Ut 44*52' N.; long 111*20' W. 

Number of photograpba: 3. 

Photograph scale: 1:10,000. 

Focal length: 8.25 in. 

Date flown: Aug. 22, 1959. 

Map reference: U.8. Oecd. Survey Hebgcn Dam 15-min quad- 

ranine, scale 1:62,500. 

Geology reference; U.8. Ge<4ogical Surv'cy, 1964, Geology of 
the Hebgen Lake, Montana, earthquake of August 17, 1959: 
U.S. Geol. Survey Prof. Paper 435, 242 p. 
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Features iUustraied {set nos. Mont. 16 A-C in east 
eomer of photographs). — Hebgen Dam and the north- 
west part of lake 5 days after the earthquake. Photo- 
graphs show the submerged north shore and landslides 
into the lake. Hilgard Lodge, completely destroyed, is 
near the southeast edge of photojfraph 16 B. The 
Hebgen fault scarp, partly concealed by trees northeast 
of the lake, foUows the southwest flank of Hebgen 
Ridge where the height of the scarp ranges from 1 to 
22 feet. Colluvium is the dominant material offset. 
Locally, small subsidiary scarps parallel or diverge 
from the main scarp. Xortheast of the dam the main 
scarp curves eastward around a colluvial fan which has 
slid toward the dam. Earthfill along the downstream 
side of Hebgen Dam shows erosion channels formed 
when the dam was crested by the waves of the seiche 
set up in Hebgen Lake at the time of the earthquake. 

Moal. 17. Hebfen Lake earthquake: Hlfhwar damafe alonf 
north sbere of Hebfen Lake 

County: Gallatin. 

Lat 44"51' N.; long 1U»18' W. 

Number of photographa: 2. 

Photograph scale: 1 : 10,000. 

Focal length: 8.25 in. 

Date flown: Aug. 22, 1950. 

Map reference: U.S. Gcol. Survey Hebgen Dam 15-mln quad- 

rangle, scale 1:62,500. 

Geology reference: Witkind, I. J„ 1964, Structural damage in 

the Hebgen Lake-Weat Yellowstone area: U.S. Geol. Survey 
Prof. Paper 435-B, p. 5-11. 

Features illustrated {set nos. Mont. 17 A-B in east 
comer of photographs) . — Submerged shoreline and high- 
way along the northeast side of Hel^en Lake near 
Kirkwood Motel. Across the highway from the motel, a 
curving line of driftwood parallel to the shore marks 
the limit of one advance of the seiche. Two sand 
spouts in alluvial fill appear as small white spots just 
south of the access road which extends to the lake from 
the highway. 

Mant. 18. Hebgen Lake earthquake: Submerged north shore 
of Hebgen Lake 

County: Gallatin. 

Lat 44«49' N.; long 111*16' W. 

Number of photographs: 2. 

Photograph scale: 1:10,000. 

Focal length: 8.25 in. 

Date flown: Aug. 22, 1959. 

Map reference: D.8. Gcol. Survey Hebgen Dam 15-min quad- 

rangle, scale 1:62,500. 

Geology reference: Myere, \V. B., and Hamilton, tVarren, 1964 

Deformation accompanying the Hebgen Lake earthquake of 
August 17, 1959: U.S. (ieol. Survey Prof. Paper 435-1, p. 75- 
77. 

Feaiures iUustraUd (set nos. Mont. 18 A-B in east 
comer oj Tphotographs). — Alluvial fan at the mouth of 



Dave Johnson Creek (southern quadrant of photo- 
graph 18 B) submerged by northward tilting of the 
lake. Rows of inundated willows mark former shoreline. 
Small white spots near the southeast comer of the fan 
are sand spouts. Hebgen fault scarp is visible just 
behind cabins at head of the fan. 

Meat. 19. Hebfea Lake eartkqaake: Red Caoron fault scarp 
aloaf Bontk flaak of Kirkwood Ridge 

County: GoUatin. 

Lot N.; long Ul»13' W. 

Number of photographs: 2. 

Photograph scale: 1 : 10,000. 

Focal length: 8.25 in. 

Date flown: Aug. 22, 1959. 

Map reference: U.S. Geol. Survey Tepeo Croek 15-miti quad* 

ran^o, scale 1:62,500. 

Geology reference: Witkind, I. J., 1964, Reactivated faults 

north of Hebgen Lake: U.S. Geol. Survey Prof. Paper 435-0, 
p. 37-50. 

Features iUustraUd (set nos. Mont 19 A-B in east 
comer oj photographs'). these photographs the new 
scarps along the Red Canyon fault can be traced for 2 
miles on the south flank of Kirkwood Ridge. The ridgo 
is composed of steeply dipping Paleo7.oic strata; 
the vertical limestone ribs are part of the Mission 
Canyon Limestone of the Madison Group (Mississij)- 
pian), and the dark-gray band immediately northeast is 
the Amsden Formation. The scarp, 6-15 feet high, 
displaces colluvium and generally parallels bedding in 
the exposed rocks higher on the slope. 

Mont. 20. Hebgen Lake earthquake: Emerged aemtb shore of 
Hebgen Lake 

County: Gallatin. 

Lat 44®45' N.; long IU«14' W. 

Number of photographs: 2. 

Photograph scale: 1 : 10,000. 

Focal length: 8.23 in. 

Date flown: Aug. 22, 1959. 

Map reference: U.S. Geol. Survey West Yellowstone, Hebgen 

Dam, and Tepee Creek 15-min quadrangles, scale 1:62,600. 
Geology reference; Myere, W. B., and Hamilton, Warren, 1964, 
Deformation accompanying the Hebgen Lake earthquake of 
August 17, 1959; U.8. Geol. Survey Prof. Paper 435-1, p. 
70-77. 

Features iliustraUd (set nos. Mont. ^0 A-B in east 
comer oj photographs). — The south shore of Hebgen 
Lake has raised beaches, broad mudflats, and piers on 
dry land that was exiwsed when the lake wa.s displaced 
northeastward. The land area on the northeast side of 
photograph 20 B is Edwards Island, once surrounded 
by water but now by mudflats that extend to the north 
shore of the lake, outside the urea shown in these pho- 
tographs. 
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Mont. 21. Hebf on Lake eirthqonke: Sediment in slrenmi 

County: Gallatin. 

Ut 44®47' N.; long W. 

Number of photographa; 2. 

Photograph scale: 1 : 10,000. 

Focal length: S.25 in. 

Date flown: Aug. 22, 1050. 

Map reference: U.8. Cool. Survey Tepee Creek 15>min quad* 

ratigle, scale 1:62,500. 

Ge<rf(^y reference: U.S. Geological Survey, 19G4, Geology of 

the Hobgcn Lake, Montana, earthquake of .Aug\ist 17, 1959: 
U.8. Geol. Burx'ey Prof. Paper 435, *242 p. 

Feaiurtst iUmiraUd {fttt no«. Mont. 21 A-B in ea«i 
comer oj photographs ). — Grayling (’reek (north (|iiad> 
rant) disrharges turbid water into Grayling Ann of 
Hebgen Ijnke. The white color is a result of ref!e<'tion 
of fine-grained sediment. Spring-fed streains in vulcanic 
rocks carried large amounts of very fine vtdcanic sedi- 
ment in suspension, and the streams remained murky 
for several months. By contrast, streams heading in 
sedimentary rocks were murky for a week to 10 days 
and then cleared. Apparently, the earth tremors caused 
grinding of the rocks along fractures, and the fine 
material so formed was picked up by gmiind water and 
discharged into the streams via springs, 'I'he northeast- 
ern part of the visible shore is submerged a foot or two; 
the southern part is in the »one of no change in shore- 
line between the submerged and emerged shorelines. 

Meat. 22. Hebfea Lake eartkgoake: Red Canyon fault acarp 
cuts acroM Grayling Creek 

County: Gallatin. 

Lat 44*48' N.; long 111*08' W. 

Number of photographs: 2. 

Photograph scale: 1 : 10,000. 

Focal length; 8.25 in. 

Date flown: Aug. 22, 1959. 

Map reference: U.S. G«d. Suiv'ey Tepee Creek 15-min quad- 

rangle, scale 1:62,500. 

Geology reference; Witkind, I. J., 1964, Ueaclivated faults 
north of Hcbgcn Lake; U.S. Geol Survey Prof. Paper 435-G, 
p. 37-50. 

Featurfs itlfistrated (set nos. Mont. 22 A-B in cast 
comer oJ photographs.) -The Red ('anyon fault scarp, 
5-14 feet high, cuts across Grayling (’reek rrear the 
center of photograph 22 B. Southeast of the creek the 
new fault scarp follows precisely an older fault scarp 
along the edge of a large alluvial fan. A higher, nearly 
parallel scarp may al.*w» have been produced by fault- 
ing. The main scarp northwest of the creek passes into 
many small fractures which continue the uestward 
trend. The T.S. Geological Survey field ramp is shown 
in a chimp of aspeits on a low hill northeast of the ranch. 
The white spots are house trailers, cars, and tents; 
dark areas are cloud shadows. 



Nebr. I. ChangM in the ehnnnel «f Sand Creek. 19S9-S4 

County: Da wee. 

Lat 42*47' N.; long 103*26' W. 

Number of photographs: 4. 

Photograph scale: 1 : 20, (MX). 

Focal length: 8.25 in. 

Date flown: Sept. 9, 1939, and Aug. 8, 1954. 

Map reference: U.S. Geol. Survey Alliance sheet, scale 1 : 250,0(K). 
Geology reference; Schumm, 8. A., 1961, Effect of sediment 
characteristics on croeion and dopoeition in ephemeral stream 
channels: U.8. Getd. Survey Prerf. Paper 352-C, p. 41-49, 
fiffi. 23-27. 

Features illustrated {set nos. Nfbr. I A-D in northeast 
comer oj photographs). — Historic changes in the Sand 
(’reek channel, in part dtu-umented by these photo- 
graphs, are disrussed in detail by Schumm. Between 
1939 and 1954, parts of the channel of Sand Creek 
have been completely filled by aggradation, and depo- 
sition has taken place on the adjacent floiKi plain. 
Elsewhere a trenched channel fonned during this 15- 
year interval. There is also a noticeable difference in 
the growth of vegetation on surfaces of recent deposition, 

Nebr. 2. Domical oand kills and saline lakes 

County: Sheridan. 

Lat 42*12' N.; long 102*35' \V. 

Number of photographs: 3. 

Photograph scale: 1 : 20,000. 

Focal length: 8.25 in. 

Date flown: Aug. 23, 1954. 

Map reference: U.S. Geol. Survey Antioch 15-min quadrangle, 

scale 1 : 02,500. 

Geology reference; Thorp, James, and Smith, 11. T. U., 1952, 
Pleistocene eolian deposits of the United States, Alaska, and 
parts of Canada: Geol. Soc. America, map, scale 1:2,500,000. 
Smith, H.T. U., 1965, Dune morphologj* and chronology in 
central and western Nebraska: Jour. Geology, v. 73, p. 557-578. 

Features illustrated {set nos. Sebr. 2 A~C in northeast 
comer oj Dome-shaped s^dhills, largely 

stabilized by vegetation, have shallow nurthweat- 
treiuling grooves on their surfaces. HilU range from 
to 1 mile in diameter and are surrouiuled by ephem- 
eral saline lakes comparable in area U» the sandhills. 

Nebr. 3. Longitudinal oond ridges near Askby 

County: Grant. 

Ut 42*01' N.; long 101*57' W. 

Number of photographs; 2. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: Aug. 16, 1955. 

Map reference: U.S. Geol. Survey Ashby 15-min quadrangle, 

scale 1:62,500. 

Geology reference: Thorp, James, and Smith, H. T. U., 1952, 
Pleistocene eolioii deposits of the United States, Alaska, and 
parts of Canada; Ge^. Soc. America, map, scale 1:2,500,000. 
Smith, H. T. U., 1965, Dune morpheJogy and chronology in 
central and western Nebraska: Jour, Geology, v. 73, p. 5.57- 
.578. 
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Features UlustraUd {sti nos. Nehr. 3 A-B in northeast 
comer of photographs), — East-west trendinj^ sandhills 
rise from 150 to 200 feet alxjve adjacent flat-floored 
valleys. On the crest of the ridges are many closed 
depressions and on the sides are small gullies. The sitr> 
fare is largely covered with turf except for a few gullies, 
at the mouths of which are small alluvial fans. Ashby 
is near the eastern edge of photograph 3 A. 

Nebr. 4. Cbaafes in channel of North Platte River, 1939-40 

County: Garden. 

Lat 41"24' N.; long 102''26^ W. 

Number of photographit: 6. 

Photograph scale: 1 : 20,000. 

Focal length; 8.25 in. 

Date flown: July 12, 1939, and June 20, 1960. 

Map reference; U.8. Geol. Survey Scottsbluff sheet, scale 
1:250,000. 

Features illustrated (set nos. Nebr. 4 A-E in northeast 
corner of photographs). — The fl<M»d plain of the river 
is about a mile wide and ctmsists of many braided 
channels, some hare and some partly covered by low 
vegetation. A comparison of the flood plain as it was 
in 1939 with its picture in 1960 shows tliat during this 
21-year interval w)nie channels have been abandoned 
and a few new ones have funned. In general the main 
channels have not changed position, but they are 
narrower and islands have fonued in them. In 1939 
some of the small meandering gullies south of the river 
had conspicuous bare channels and bare alluvial fans 
on the edge of the main flood plain (for example in 
the southeast quadrant of photograph 4 D). In I960 
these same channels and fans appear t<» be narrower 
and in part covered by vegetation (S. A, Schumm, 
written comnnin., 1964). 

Nebr. 5. Longitudinal dunes nesr Lone Valley 

County: Logan. 

Lot 41*37' N.; long 100*38' W. 

Numerb of photographs: 2. 

Photograph scale: 1:20,000- 

Focal length: 8.25 in. 

Date flown: Sept. 3, 1955. 

.Map reference: U.S. Geol. Survey Cody Lake 15-min quad- 

rangle, scale 1:62,500. 

Geology reference; Tliorp, James, and Smith, H. T. U., 1952, 
Beistocenc colian deposits of the United States, Alaska, and 
parts of Canada: Geol. Soe. America, map, scale 1:2,500,000. 
Smith, li. T. U., 1965, Dune morpholog>' and chronolc^y in 
central and western Nebraska: Jour. Geology, v. 73, p. 557- 
578. 

Features ilhisirated {set nos. Nebr. 5 A-B in northeast 
comer of photographs). — Ix>ng narrow steep-sided and 
closely spiu’cd sand ridges, coniinonly hIkuiI 50 feel 
high are show'n. These lirngitudinal dunes, largely sta- 
bilized by vegetation, are parallel or suhparaiiel and, j 



loeally, branching. There are many small blowoute. 
The ridges appear to be superimposed on older, more 
or less stabilized, sandhills. 

Nebr. 4 . Longitudinal dunes on the nortb side of North Loup 
River 

County; Loup. 

Lat 41*45' N.; long 99*18' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: July 10, 1954. 

Map roferenee: U.S. Geol. Surv'cy Taylor SE. and Sargent East 

7H-min quadranges, scale 1:24,000. 

Geology reference; Thorp, James, and Smith, H. T. U., 1952, 
Pleistocene eolian deposits of the United States, Alaska, and 
parts of Canada: Geol. Soc. America, map, scale 1:2,500,000. 
Smith, H. T. U., 1965, Dune morphology and chronology' in 
cent ral and western Nebraska: Jour. Geology, v. 73, p. 567-578. 

Features lUustraied (set nos. Nebr. 6 A-B in northeast 
comer of phoVograph^. — The flood plain of North Loup 
River ranges from ^ to 1 mile wide; it is bordered on 
the north by large area of northwest-trending longi- 
tudinal dunes. Sandbars partly choke stream channels 
and cause incipient braided patterns. Dunes, largely 
stabilized by vegetation, are long, narrow*, and steep 
sided and as much as 50 feet high. Dissected plains to 
the south of the river are mantled by a thick covering 
of loess. 

Ncv. 1. Lake LabonUn: Compound spU south of Bunejug 
MounCains 

County: Churchill. 

Lat 39*18' N,; long 118*36’ W. 

Number of photographs: 2. 

Photograph scale; 1 : 43,200. 

Focal length; 5.2 in. 

Date flown: Dec. 18, 1947. 

Map reference; U.S. Geol. Survey Carson Lake 15-min quad- 
rangle, scale 1:62,500. 

Geology reference: Morrison, H- B., 1964, Lake Lahontan: 

Geology’ of the southern Carson Desert, Nevada: U.S. Gc<^. 
Survey Prof. Paper 401, 156p.; gcol. map (pi. 3), scale 1:31,680. 
Sec figs. 11 and 25. 

Features iUustrated {set nos. Neo. 1 A~B in southeast 
corner of photographs), — Northeast of the alkali flat in 
the southwest quadrant of photograph 1 A (Bas-s Flats) 
is a spit nearly 2 miles long. The spit extend.s southeast 
from the southw’est comer of the Bunejug Mountains 
which are circled by many higher Lahontan shorelines. 
The spit, mapped as part of the Pleistocene Sehoo For- 
mation, Ls compound and lias hooks graded to several 
successively low’er lake levels. Recent eolian sand (Fallon 
Formation) extends across the southeast quadrant of 
photograph 1 B from the east edge of the alkali flat 
across Simpson Pass to Eightmile Flat. 
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Ner. 2. Lake LahonUn: Sboreliaes in soatkern Dead Camel 
Moantaiae 

County: Churchill. 

Ul 39«17' N.; long 118®53' W. 

Number of pbotographa: 3. 

Photograph scale; 1 : 43,200. 

Focal length; 5.2 In. 

Date flown; Dee. 18, 1947. 

Map reference: U.S. Geol. Survey Fallon and Weber Rcservdr 

15*min quadrangles, scale 1:02,500. 

Geolc^' reference: Morrison, K. B., 1964, l*akc Lahontan: 

Geology of the southern Carson Deaert, Nevada; 11.8. Geol. 
Survey Prof. Paper 401, 156 p. 

Features illmiraUd (set nos. Nev. 2 A--C in southeast 
comer oj 'photographs). — Isolated hills of volcanic rock 
in the southeast and west parts of photograph 2 6 are 
fringed on their northeast sides by prominent shore- 
lines of Pleistocene Lake Lahontan. Several conspicuous 
spits curve southward from the southeast corner of a 
hill near the center of the northwest quadrant of this 
photograph. (See Morrison, fig. 11 A.) The coarse- 
grained sediments (gravel and sand) below the highest 
strand line have a smooth surface, whereas the fine- 
grained sediments (clay, silt, and some sand) are gullied. 
The curving lino in the northeast quadrant is the trace 
of a possible fault. The adjacent light-colored material 
is lake sediment of Recent age. 

Nct. 3. Lake Lahontan: Beaches at Sehoo Mountain 

County: Churchill. 

Lat 39®25' N.; long 118*36' W. 

Number of photcHtraphs: 2. 

Photograph scale: 1:43,200. 

Focal length: 5.2 in. 

Date flown: Dec, 18, 1947. 

Map reference: U.S. Ged. Surv'cy Carson Lake 15-min quad- 

rangle, scale 1:62,500. 

Geology reference: Morrison, R. B., 1964, l*ake Lahontan; 

Ged<^' of the southern Carson Desert, Nevada: U.S. Geol. 
Sur%’ey Prof. Paper 401, 1.56 p.; ged. map (pi. 3), scale 
1:31,680. Sec flg. 10. 

Features illustrated (set nos. Nev. 5 A-B in southeast 
comer oj photographs). — The Pliocene basaltic rocks 
of Sehoo Mountain (southeavst quadrant of photograph 
3 B) are largely concealed beneath lacustrine and 
alluvial sediments of later Quatemaiy' age. There is a 
marked contrast in minor topographic features above 
and below the highest shoreline (Lahontan beach) 
which lies about 450 feet above the lake plain to the 
west. More than 10 easily discernible shorelines are 
marked by wave-cut and depositional shore terraces, 
spits, bars, and iombolos. The shore features are 
contrasted with the multitude of large and small stream 
channels on the desert floor. 

Nev. 4. Sand dunes near Pourmlle Flat 

C'ounty: Churchill. 

Lsii .39*16' N.; long 118*28' W. 



Number of photographs: 2. 

Photograph scale: 1 : 50,000. 

Focal length: 6 in. 

Date flown: Nov. 20, 1956. 

Map reference: U.S. Geol. Survey Reno shoot, scale 1:250, OCX). 

Geology reference: Morrison, R. B., 1964, Lake Lahontan: 

Geology of the southern Carson Desert, Nevada: U.S. Geol. 
Survey Prof. Paper 401, 156 p.; see pi. 1 and fig. 12A. 

Features iUustraied (set nos. Nev. 4 A-B in norlheeut 
comer oj photographs). — Complex sandhills in the 
saddle at the south end of Stillwater Range northwest 
of the Sand Mountains. Sand appears to have come 
from the playa of Founnile Flat to the southwest. 
The dunes extend northeastward to the divide. Small 
valleys choked by sand have now' been partly re- 
excavated. 

N.H. 1. Landslidea in Franconia Notch 
County: Grafton. 

Lat 44*09' N.; long 71*41' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length; 8.25 in. 

Date flown: July U, 1955. 

Map reference: U.S. Geol. Survey Franconia 15-min quad- 

rangle, scale 1:62,500. 

Geology reference: Goldthwait, J. W., Goldthwaii, Isawrence. 

and Goldthwait, R. P., 1951, The geology of New Hampshire; 
pt. 1, Siirficial geology; New Hampshire State Plan, and 
Dcvel. Comm., p. 18, 54-55. Williams, C. R., and Billings. 
M. P., 1938, Petrology and structure of the Franconia quad- 
rangle, New Hampsliirc; Geol. Soc. America Bull., v. 49. p. 
1011-1044. 

Features iUusirated (set nos. N.H. i A-B tn southeast 
corner oj photographs). — This glacially scoured U-shaped 
drainage divide is carved in the Conway Granite. In 
1948 a great landslide— debris avalanche — from Mount 
I^afayctte (northeast quadrant of photograph 1 A) 
blocked the highway. Ancient forest-covered landslide 
scars are also visible. The “Old Man of the Mountain’* 
(The Profile) is at the north end of the cliffs southwest 
of Profile Lake. Numerous ski trails in northwest 
quadrant of photograph 1 A are on Cannon (Profile) 
Motmtain. 

N.H. 2. Mount Pawtuekaway, a ring dike 

County: Kockingham. 

Lot 43*07' N-: long 71*11' W. 

NumtM'r of photographs: 2. 

Photograph scale; 1:34,0(K). 

Focal length: 6 in. 

Date flown; Apr. 30^ 1951. 

Map reference: U.S. Ge<fl. Survey Mount Pawiuckaway 15-min 

quadmni^e, scale 1:62.500. 

Geology reference: Freednuni, Jacob, 1950, Stratigraphy and 

structure of the Mcmnt Pawtuckaway quadranjdo, aouthcastem 
New Hampshire: God. Soc. .\merica Bull., v. 61, p. 449-492. 

Features illustrated (set nos. N.H. 2 A-B in northeast 
comer oj photographs). — The Pawtuckaway mountains 
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Are a roughly circular group of hills about 2 miles in 
diameter that rise 300-500 feet above the surrounding 
lowlands. The mountains are composed dominantly of 
a core of dioritic rocks that underlie valleys surrounded 
by a ring dike of coarse-grained monzonite that forms 
the highest hills. The adjacent lowlands are underlain 
by quartz monzonite. The southwestern segment of the 
mountains is low because the ring dike is cut off along 
a northwest-trending high-angle fault. 

N.J. 1. Oatlief of Cokanser Sand 

County: Burlington. 

Lai 40°0r N.; long 74°41' W. 

Number of photographs: 3. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: Nov. 11, 1956. 

Map reference; U.8. Geol- Survey Columbus 714-min quad- 
rangle, scale 1 : 24,000. 

Geology reference: Owens, J. P., and Minard, J. P., 1962, Pre- 

Quaterruiry geology of the Columbua quadrangle. New Jersey: 
U.8. Geol. Survey God. Quad. Map GQ-160. 

Featuru iUvxtrtUed (set nos. N.J. 1 A-C in soulhtaH 
comtT oj photographs). — Partly indurated rocks of late 
Tertiary age (Kirkwood Formation and Cohansey 
Sand) form steep-sided wooded hills that rise about 100 
feet above a gently undulating cultivated plain formed 
on unconsolidated rocks of Late Cretaceous and early 
Tertiary age. The hills are outliers of clean quartz sand 
that forms well-drained soils. The plains are underlain 
by less well drained clayey glauconitic quartz sand. 

N.J. 2. Sboretiac changes at Little Egg Inlet, 1M0-C3 

County: Atlantic. 

Lot 39'29' N.; long 74”19' W. 

Number of photographs: 3. 

Photograph scale: 1:20,000- 

Focal length: 8.25 in. 

Date flown: 1940, 1957, 1963. 

■Map reference: U.8. Ged. Survey Atlantic City 15-min quad- 

rangle, scale 1:62,500. 

Features Ulustrated {set nos. N.J. 2 A-C in southeast 
comer of photographs) . — These three photographs taken 
in 1940, 1957, and 1963 show changes in Island Beach 
south of the inlet but do not provide stereoscopic cov- 
erage. The tidal channels in the salt marsh serve as 
reference marks for comparison of shoreline changes 
from year to year. In 1940, a long narrow north-trending 
beach and spit sefiarated the marsh from the ocean. 
By 1957g the uorth'trendui^ beach and spit had been 
replaced by a northweaMrendin^ beiicl) and spit, shorter 
and slightly west of those of 1940. In addition a new 
northwest-curving spit about a quarter of a mile wide 
had been built east of the {>osition of the 1940 spit and 
extending northward for about a mUe. By 1963, the 
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curving spit had grown northwestward an additional 
1 ,000 feet and changed shape to some extent. 

N. Mes. 1. Sandatoae eaealM nev Shj^ iUMk 

County; San Juan. 

Lat 30'’4I' N.; long 108'*50' W. 

Number of photographs; 4. 

Photograph scale; 1 ; 54,000. 

Focal length; 6 in. 

Date flown: Feb. 5, 1954. 

Map reference: U.B. Geol. Survey Ship Rock 15-nun quad- 

rangle, scale 1:62,500. 

Geology reference; O'Sullivan, R. B., and Beikman, H. M., 
1963, Geology, structure, and uranium depoaita of the Ship Rock 
quadrangle, New Mexico and Arisona; U.8. Ged. Survey 
Misc. Gool. Inv. Map 1-345 (sheet 1, Gedo^y). 

Features illustrated {set nos. N. Mez. I A-D in north- 
east comer of photographs). — This impressive volcanic 
neck, more than 1 ,500 feet high, and its radiating dikes 
stand on a pedestal of virtually flat-lying Mancos 
Shale. A small dark-colored apron of waste surrounds 
the neck; farther sway the shale of the pedestal is 
scored by many small closely spaced radial stream 
channels (high drainage density). The large north- 
draining wash in the eastern half of photograph I A 
(Little Ship Rock Wash) follows a strike valley in 
Mancos Shale. The cuesta just east of the wash Is the 
Gallup Sandstone, which here occurs within the Mancos 
Shale. West of the wash is a group of discontinuous 
cuestas and hills that are eastward-dipping beds of 
sandstone separated by shale and siltstone (Dakota 
Sandstone and Morrison Formation). 

N, Mex. 2. Landslides (tom Black Mesa near Lyden 

County; Bio Arriba. 

Lat 36"09' N.; long 106"01' W. 

Number of photographs: 2. 

Photograph scale: 1 : 21,000. 

Focal length: 6 in. 

Date flown: Dec. 2, 1949. 

Map reference: U.S. Geol. Survey Lyden and Velarde 7hrmin 

quadrangles, scale 1:24,000. 

Geology reference: Miller, J. P., Montgomery, Arthur, and 

Sutherland, P. K., 1963, Geology of part of the southern 
Sangre de Cristo Mountains, New Mexico: New Mexico Bur. 
Mines and Mineral Resources Mem. 11, 106 p. 

Features Ulustrated {set nos. N. Mez. 2 A-B in north- 
east corner oJ photographs). — The lava flows of Black 
Mesa rest on semiconsolidated sediments of late 
Ceiiozoic age. Semicircular and rectangular landslide 
bloclts mantle the southeast side of the mesa. The 
capriH'k near the edge of the mesa Is broken by con- 
spicuous cracks that parallel the top of the scarp. The 
landsliding is related to the removal of material by the 
lateral swing of the Rio Grande across its flood plain, 
here as much as three-quarters of a mile wide. South- 
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east of the river the edge of a dissected pediment is 
outlined by an irrigation ditch. 

N. Mex. S. Laadalidea in Rio Grande Canyon near Embndo 

County: Rio Arriba and Taoe. 

Lai 36®13' N.; long 105*55' W. 

Number of photographs; Z. 

Photograph scale: 1 : 37,600. 

Focal length: 6 in. 

Date flown: July 23, 1958. 

Map reference: U.8. Geol. Survey Velarde and Taoe Junction 

7H-nun quadran^ee, scale 1:24,000. 

Geology reference: Miller, J. P., Montgomery, Arthur, and 

Sutherland, P. K., 1963, Geology of part of the southern 
Sangre de Cristo Mountains, New Mexico: New Mexico Bur. 
Mines and Mineral Resources Mem. 11, 106 p.; geol. map 
(pi. I), scale 1:63,360. 

FecUures iUustraUd (set nos. N. A£ex. S A-B in norih- 
east comer oj photographs). — Seraiconsolidated sedi- 
ments of later Cenozoic age (silt, sand, gravel, and a 
little ash, clay, and breccia) capped by basalt flows 
(north half of photograph 3 A) have been dissectet) to 
depths of about 1,000 feet. Tilted landslide blocks of 
the caprock mantle the canyon walls. On the north 
side of the river (northwest quadrant of photograph 
3 B), landsliding has removed all the caprock from a 
part of the top of the canyon wall near Chorreras. 
This loss of caprock has exposed tlie light-colored sedi- 
mentary rocks and left only slump blocks of lava on 
the walls below. There is no evidence that any large- 
scale movement has taken place for a long time. 

N. Mex. 4. Lava fUwa aad IntnialTes near Philnoot Seaat 
Raach 

County: Colfax. 

Lat 36*27' N.; long 104*59' W. 

Number of photographs: 3. 

Photograph scale: 1:28,400. 

Focal length: 0 in. 

Date flown: Hept. 18, 1954. 

Map reference: U.S, Geol. Survey Miami and Tooth of Time 

15>min quadrangles, scale 1:62,500. 

Ucolog>* reference: Robinson, G. D., Wanck, A, A., Hays, 

W. H., and McCallum, M. E., 1964, Philmont Country: 
The rocks and landscape of a famous New Mexico Ranch: 
U.S. Getd. Survey Prof. Paper 505, 152 p.; geol. map <pl. 3), 
«caln 1 : 48,000. 

Fcaivires iUustratexl (set nos. N. Mex. 4 A-C in south- 
fast corner oj photographs). The creek that flows in a 
iKirlheasterly direction across photograph 4 B (Urraca 
Creek) is bordered in the northeast quadrant by low- 
lands floored wit!) shale thinly veneered by alluvitim. 
Philmont Scout Ranch Is in the northejisi corner of 
this photograph. A gravel terrace about 150 feet high 
(northeast c*omer of photograph 4 A) is a remnant of 
an ancient fl<MHl plain of Urraca (’reek. The steep- 
sided ridge of daette jiorphyry northwest of the creek 
Is part of a laccolith intruded in the adjacent shale of 



Cretaceous age. The lower contact of the intrusive 
body is largely concealed by colluvium, except near 
the west edge of the photograph where the base of the 
the laccolith is marked by a sharp break in slope. The 
slopes of the basalt-capped mesa in the southwest 
corner of this same exposure (Urraca Mesa) are mantled 
by landslide deposits, except near the east edge of the 
photograph where the underl 3 ring Oetaceous shale is 
exposed in gullies (tributary to Chicoso Oeek). 

N. Max. 5. Mo«ol CapuUa, a acaria a»aa 

County: Union. 

Lat 36*46' N.j long 103*58' W. 

Number ot photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: July 27, 1956- 

Map reference; U.S. Geol. Survey Dalhart sheet, scale 
1:250,000. 

Geology reference; Collins, R. F., 1949, Volcanic rocks of 
northeastern New Mexico: Geol. Soe. America Bull., v. 60, 
no. 6, p. 1017-1040. 

Features illustrated (set nos. N. Mex. 6 A~B tin south- 
east comer oj photographs). — An almost undissected 
scoria volcano about 1,000 feet high which has an un- 
breached cjater about 100 feet deep. The cone is sur- 
rounded by older weathered basalt flows that still 
retain much of their initial surface form. The cone is a 
National Monument. Drainage is radial. 

N. Mex. 6. Rhyolite lava dome and flows in Valles Calders 

County: Sandoval. 

Lat 35*50' N.; long 106*31' W. 

Number of photographs: 3. 

Photograph scale: 1:32,680. 

Date flown; 1935. 

Map reference: U.S. Gecd. Survey Jemes Springs and Frijoles 

15-min quadrangles, scale 1:62, 5(K). 

Geology reference; Smith, H. L., Bailey, H. A., and Koas, C. S.,. 
1961, Structural evolution of the Valles Caldera, New Mexico, 
and its bearing on the emplacement of ring dikes, in Short 
papers in the geologic and hydrologic scicnoea; U.8. Geol. 
Survey Prof. Paper 424-D, p. D14.5-D149; geol. map (fig. 
340.1), scale 1:139,000. 

Features illustrated (set nos. N. Mex. 6 A-C tn south- 
east comer oj photographs). — The broad elongate moun- 
tain near the center of photograph 6 B is one of 10 
similar rhyolite dome-flows that form a discontinuous 
ring within the Valles Caldera in the Jemez Mountains. 
The conspicuous arcuate ridges on the south side of the 
mountain arc ribs (»f vertically flow-banded rhyolite 
which have been accentuated by erosion of intervening 
/.ones of less resistant flow breccia. These semiconcen- 
Iric ridges are part of a thick rhyolite flow that forms 
the base of the dome-flow complex and extends 8 miles 
to the west (beyond the limits of the photograph). Chap- 
ping this basal flow Is another dome-flow which origi- 
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nates at the grass-covered crest and extends 2 miles to 
the northeast; this uppermost flow also displays con- 
spicuous concentric flow ridges. The small tree-covered 
knoll immediately northeast of the dome-flow complex 
is a small isolated rhyolite dome. 

N. Mex. 7. Fine-textored tepofraphy on upper Tertiary 
aedlmenta 

County: Santa Pe and Loa Alamos. 

Lot 35*47' N.; long i06*07' W. 

Number of photographs: 2. 

Photograph scale; 1 : 54,000. 

Focal length: 6 in. 

Date flown; May 27, 1054. 

Map reference: U.S. Geol. Survey Kapanola 15-min quad- 

rangle, scale 1:62,500. 

Geology reference: Griggs, K. L., 1964, Geology and ground- 

water resources of Los Alamos area, New Mexico: U.S. Gcol. 
Survey Water-Supply Paper 1753, 107 p. 

Featuret iUustraUd {set nos. N. Mex. 7 A-B in north- 
easi comer of photographs). — Flne-textured topography 
with high drainage density formed on the semiconsoli- 
datod upper Tertiary rocks (sandstone, conglomerate, 
siltstone, and clay of the Santa Fe Group). The drainage 
pattern is largely dendritic, except for the parallel or 
pinnate pattern in the northeast quadrant of photo- 
graph 7 B. Mesas near the west edge of the same photo- 
graph are capped by basaltic rocks of late Tertiary or 
Quaternary age. Buckman is near the northwest comer 
of photograph 7 B. 

N. Mex. 8. Normal faults cutting basalt mesa 

County: Sandoval. 

Lat 35*26' N.; long 106*32' W. 

Number of photographs: 4. 

Photograph scale: 1:31,680. 

Date flown: 1935. 

.Map reference: U.S. Gec^. Survey Santa Ana Pueblo 7)i-mtn 

quadrangle, scale 1 : 24,000. 

Geology reference: Kelley, V. C., 1954, Tectonic n»ap of a 

part of the upper Rio Grande area, New Mexico: U.S. Ccd. 
Survey Oil and Gas Inv. Map OM-157, scale 1:100,080. 

Fealurts iUuatrattd {set nos. N. Mex. 8 A-U in south- 
east corner oj photographs). — The photographs show the 
eastern half of the Santa Ana mesa near the confluence 
of Jeniez River and Rio Grande (photograph 8 A). The 
basalt flows issued from a north.south-trending string 
of vents, some of which are visible on the west edge of 
photographs 8 C and 8 D, and also from a similar line 
of vents outside the area shown to the cast. Numerous 
north-south.trending faults displace the basalts from a 
few to ISO feet. The blocks are tilted eastward, and 
along any one fault the eastern block has risen relative 
to the one to the west. The drainage of the mesa has a 
trellis pattern. 
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N. Mex. 9. Fault border of Rio Grande depreaaioii along 
Arroyo Tonque 

County: Sandoval. 

Ut 35*22' N.; long 106*22' W. 

Number of photographs: 3. 

Photograph scale: 1:54,000. 

Focal length; 6 in. 

Date flown: Feb. 28, 1954. 

Map reference: U.S. Geol. Survey San Felipe Pueblo IS-min 
quadran^e, scale 1:62,500. 

Geology reference: Steams, C. E., 1953, Tertiary geology* of 

the Galistco-Tonque area, New Mexico: Geol. Soc. America 
Bull,, V. 64, p. 459-508; geol. map (pi. 1), scale 1:125,000. 

Features xUustraisd (set nos. N. Mex. 9 A-G in north- 
east comer of photographs). — Unconsolidated or weakly 
cemented alluvial-fan deposits of late Tertiary age 
(western part of photograph 9 B) are do>>nfaulted 
against the east^dipping Paleozoic to eariy Tertiary 
strata. A dendritic drainage pattern and a high drainage 
density characterize the areas underlain by late Tertiary 
rocks. Hogbacks of pre-Tertiary rock are offset along 
high-angle faults and are broken by crosscutting dikes 
(southeast quadrant of photograph 9 B). Small flat 
surfaces now dissected are remnants of gravel deposits 
resting unconformably on the underlying defomied 
rocks. These unconformities are largely small pediment 
surfaces. Several of the formations in, and structures of, 
the older rocks, mapped by Steams (pi. 1), can be 
traced on these photographs. 

N. Mex. 10. Flows, dikes, and unconformities In the Gsllsteo 

urea 

County: Santa Fe and Sandoval. 

Lat 35*31' N., long 106*12' W. 

Number of photographs: 3. 

Photograph scale : 1 : 54,000. 

Focal length: Gin. 

Dale flown; Feb. 28, 1954. 

Map reference: U.S. Gcol. Survey Agua Fria, Santo Domingo 
Pueblo, and San Felipe Pueblo 15-min quadrangles, scale 

1:62,-500. 

Geology reference; Steanw, C. B., 1953, Tertiary geology of 
the Gnlistco*Tonque area, New Mexico: Geol. Soc. America 
Bull., V. 64, p- 459^508; see pi. 1- 

Features illustrated {set nos. N. Mex. 10 A-C in 
northeast corner oj photographs). — The Pleistocene(?) 
lava flows and cinder cone of the Mesita de Juana 
Ix>pez (northeast quadrant of photograph 10 B) rest 
on slightly deformed upper Tertiary sediments and 
volcanica (northwest quadrant) and on eastward- 
dipping upper Paleozoic and Mesozoic sedimentary 
rocks (near the center of same photograph). The 
Tertiary rocks are downfaulted against the older sedi- 
mentary rocks. Crosscutting tlikes are conspicuous in 
the pre-Tertiary rocks (southea-si quadrant of photo- 
graph 10 B). Stippled and linear patterns of dots which 
are conspicuous on Mesita de Juana Lopez resemble 
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(hose found on basalt in the Snake Kiver Plains and 
are attributed to Pleistocene frost action. 

N. Mex. 11. Patlemed grttand an basalt meaaa near Lagana 

County: Valencia. 

Lai 35®03' N.; long 107®27' W. 

Number of pbotographa: 2. 

Photograph scale; 1:37>400. 

Focal length : 6 in. 

Date flown; May 29, 1955. 

Map reference: U.S. Geol. Survey Laguna 7)i^min quadrangle, 

scale 1:24,000. 

Geology' reference: Mahlc, H. E., 1964, Patterned ground in 

the western Snake River Plain, Idaho, and its poesible cold 
climate origin: Geol. Soc. America Bull., v. 75, p. 191-208. 
Moench, R. H., 1963, Geologic map of the Laguna quadrangle. 
New Mexico: U.S. Geol. Survey Geol. Quad. Map GQ-208. 

Feaiurfs iilusiraUd {set nos. N. Mex. 11 A-Ji in norths 
east comer of -Basalt^capped mesas 

(northeast quadrant of photograph 11 A), standing 
about 700 feet above the Rio San Jose to the south, 
show stippled and linear patterns of silt mounds that 
are possibly of cold-climate origin. (See Idaho 2 and 3.) 
These lower Pleistocene(?) basalt flows came from 
Wheat Mountain Just north of the area shown in the 
photographs. 

Talus and landslide deposits, largely basalt rubble, 
mantle the slopes of the mesas where the basalt rests on 
Mancos Shale overlying Dakota Sandstone and Morri- 
son Formation. 

N. Mex. 12. Travertine mesa along Comanche tbruat fault 

County: Valencia and Socorro. 

Lat 34'*36' N.; long 107’12' W. 

Number of photographs: 3. 

Photograph scale ; 1 : 28,400. 

Focal length: 6 In. 

Date flown: Oct. 12, 1951- 

Map reference: U.8. Geol. Survey .Mcea Aparejo 15-min quud- 
ranglr, scale 1:62,500. 

Geology reference; Kelley, V. C., and Wood, G. H., 1946, 
Geologic map of the Lucero uplift, Valencia, Socorro, arui 
Bernalillo Counties, New Mexico: U.S. Geol. Survey Oil and 
Gas Inv. Prelim. Map 47. 

Features iUustrated (set nos. N. Mex. 12 A-Cin souths 
east corner of photographs). — Plains near the western 
edge of the valley of the Rio Puerto (eastern part of 
photograpl) 12 B), formed largely of gravel on pedi- 
ment surfaces, adjoin a cuestu formed of westward- 
dipping Pennsylvanian limestones brought up along the 
westward-dipping Comanche thrust fault. Travertine 
deposited from springs along the thrust fault forms a 
low dissected mesa (light-colored urea on photograph), 
through which Arroyo Pato has cut a gorge (northeast 
quadrant of same photograph). The springs are now 
largely inactive, and the travertine is concealed beneath 
open woodlands tpiflon and juniper). 



N.Y. 1. Niagara cueata at Lewlaton 

County; Niagara. 

Lat 43®10^ N.; long 79®03' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: Sept. 25, 1938. 

Map reference: U.8. Geol. Survey Lewiston 7H-min quad- 
rangle, scale 1:24,000 (N.Y. only), Toronto sheet, scale 
1:250,000. 

Geology reference: Johnston, U. II., 1964, Ground water in the 
Niagara Falk area, New York, with emphasis on the water- 
bearing characteristics of the bedrock: New York Water 
Resources Comm. Bull. GW-53, 93 p. 

Fealures iUtistraied (set nos. N.Y. 1 A-B in soulhea^ 
corner of photographs). — The Niagara River emerges 
from a narrow' gorge cut about 250 feet into a flat 
upland and enters a broad flat lowland ivhere ite 
channel is wide and iu banks are low. The north- 
facing escarpment separating the upland from the 
lowland is (he Niagara cuesU, acmes which the ances- 
tral Niagara River flowed in lato-glacial time as a 
w'aterfall that has now' retreated southw'ard about 
miles. The upper part of the escarpment is the 
massive I.K)ckport Dolomite, underlain by the Rochester 
Shale and older rocks that erode by sapping. This 
sapping causes the dolomite cap to be undermined. 
The lowiand north of the escarpment is underlain by 
Queenston Shale. 

N.Y. 2. Niagara Falk 

Coimty: Niagara. 

Lat 43“05' N.; long 79W W. 

Number of photographs: 2. 

Photograph scale: 1 :24,000. 

Focal length: 6 in. 

Date flown: May 7, 1963. 

Map reference: U.S. Geol. 8ur\*cy Niagara Falls 7H-min 
quadrangle, scale 1:24,000. 

Geology reference: Jolmston, R. H., 1964, Ground water in 
the Niagara Falk area, New York, with emphasis on the 
water-bearing eliarueteriaUcs of the bctlrock; New York Water 
Resources Comm. Bull. GW-53, 93 p. 

Features illustrated (set nos. N.Y. 2 A-B in southeast 
comer of photographs). — Horseshoe Falls and American 
Falls separated by Goat Island. The falls are about 
160 feet high. Al the time these photographs were 
taken, there was considerable ice in the rapid.s both 
above and below the falls. The massive Lockport 
Dolomite forms the lip of the falls and the upper 
part of the walls of the gorge. Below is the Roch«l«r 
Shale. 

N.Y. 3. Drumlins near Palmyra 

County: Wayne. 

Lat 43*08' N.; long 77*14' W. 

Number of photographs: 2. 
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Photograph scale : 1 : 60,000. 

Focal length: 6 in. 

Date flowTi; May 6, 1060. 

Map reference: U.S. Gcol. Survey Palmyra and Macedon 15- 

mln quadrangles, scale 1:62,500; Ontario, Willlainsou, Mao- 
edon, and Palmyra quadran^cs, scale 1:24,000. 

(jeolog>’ reference: Fairchild, H. L., 1929, New York drumliiM; 
Rochester Acad. Sci. Proc., v. 7, 37 p. 

Features xUustrat^d (set nos. N.Y. 3 A~B in northeast 
comer oj photograph ^. — Ice moving southward from 
the Ontario basin formed a large drumlin field on the 
Ontario plain north of the Finger Lakes. The bedrock, 
concealed beneath drift, is in large pert gently dipping 
shale and dolomite of Silurian age. The drumlins are 
oval in plan and range in length from less than a 
quarter of a mile to more than 2 miles. They are com- 
monly three to five times longer than they are tride. 
The flat-floored valleys between the drumlins are 
underlain in part by lake deposits and in part by 
glacial outwash. 

N.Y. 4. PsCsdam oatliers near Hammond 

County: 8t. Lawrence and Jefferson. 

Lftt 44^22' N.; long 76M6' W. 

Number of photographs: 3. 

Photograph scale; 1:19,000- 
Focal length: 6 in. 

Date flown: May 4, 1960. 

Map reference: U.S. Clcot. Survey MuakcUungo Lake, Ham- 

mond, Rodwoo<l, and Chippewa Day 7H-min quadrangles, 
scale 1:24,000. 

Oeolog>' reference: New York State Museum and Science 
Service, Geological Survey, 1962, Geologic map of New York, 
1961. Adirondack sheet: New York State Mus. and Sci. 
Service Gcol. Survey Map and Chart Scr. 5, scale 1:250,000. 

Features illustrated (set nos. iV.K. 4 ri-C tn northeast 
comer of photographs ). — Broad tables of flat-lying 
Potsdam Sand.sione of Lute C-ambrian age rise above 
lowlands underlain by metasedimentary rocks of Pre- 
cambrian age. The mantle of glacial drift is thin and 
patchy, and the grain of the metamorphic rocks is 
clearly expressed by the irregular shapes of the small 
hills east of Black Creek. 

N.Y. 5. Hickory Loke ghmeoUth 

County: St. Lawrence. 

Lat 44®26' N.; long 75®35^ W. 

Number of photographs: 2. 

Photograph scale : 1 : 20,000. 

Focal length; 6 in. 

Date flowTi: May 4, 1960. 

.Map reference: U.S. Oeol. Survey Pope Mills 7t4-min quad- 
rangle, scale 1:24,000. 

Geology reference: Buddington, A. F., 1934, Geology and 
minemi resources of the Hammond, Antwerp, and Lowvilic 
quadrangles: New York State Mus. Bull. 296, 251 p.;geol. 
map, scale 1:62,500. 

Features illustrated {set nos. N.Y. 5 A-B m northeast 



comer oj photographs ), — The oval-shaped area of 
numerous small roughly concentric ridges in the southern 
half of photograph 5 B is one of Buddington's granite 
phacolitbs. Although the area has been glaciated, the 
drift is thin and discontinuous. The lowland that sur- 
rounds the phacolith (along Birch Creek) is mantled by 
fine-grained lake sediments of Quaternary age. The 
surrounding area of more irregtilar hills is underlain by 
quartzite, marble, gneiss, and related rocks of the 
Grenville Series. 

N.Y. 6. Delias of Anaable River 

County: Clinton and Essex. 

Lat 44“34' X.; long 73°27' W. 

Number of photographs: 5. 

Photograph scale: 1:20,000. 

Focal length; 8.25 In. 

Date flown: June 28, 1962. 

Map reference: U.S. Gool. Surv'cy Plattsburgh 15-min qusd- 

ranjdc, scale 1:62,500. 

Geology reference: Chapman, D. H., 1037, Late-gLacisi and 
postglacial history of the Champlain Volley; Am. Jour. Soi., 
5th scr., V. 34, no. 200, p. 89-124- 

Features illustrated {set nos. N,Y, 6 A-E in southeast 
comer oj photographs). — Beaches, spits, and underwater 
features near the mouths of two distributaries of the 
Ausable River delta in Lake Champlain (photograph 
6 D) show both north and south transport of sediment 
along the lakeshore. Remnants of ancient Ausable 
River delta.s occur nearby. The south edge of a high 
delta is south of the curving east-west road just north 
of the center of photogniph 6 A. At a somewhat lower 
level, the Ausable River followed a curving channel 
similar to those on tlie modem delta that can be seen 
in the southwest quadrant of photograph 6 D between 
the river and the main north-south highway. Another 
channel follows the curving north edge of the high delta 
from the main highway (in northwest quadrant of 
photograph 6 B) southeastward through the center of 
photograph where the channel turns northeastward into 
(he swamp that empties into the lake. Bedrock is ex- 
posed in places on the north side of this channel which 
appears to have discharged into the lake at or below 
present lake level. Ausable Chasm is just visible on the 
west edge of photograph 6 B. 

N.(?. I. Changes In Halteroa Inlet casaed by Hurricane Helene, 
September 1958 

County: Hyde and Dare. 

Ut.36M2' N.;Iong75®45' W. 

Number of photographs: 6. 

Photograph acale: 1:20,000, 1955; 1:24,000, 1959. 

Date flown: .Mar. 29, 1955, Aug. 16, 1959. 

Map referenoe: U.S. Gool. Survey Green Island and Hatteraa 

7^-min quadrangles, scale 1:24,000. 

Features illustrated {set nos. N.C. t A F m southwest 
corner oj photographs ). — On the east side of Halteras 
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Inlet (east of center of photograph 1 B), the 1955 photo- 
graphs show u curved spit (Inlet Peninsula) separated 
from the west end of Hatteras Island (west edge of 
same photograph) by a sand flat. Near the center of 
the inlet is Pelican Shoal (just north of center of same 
photograph). The barrier beach on the west side of the 
inlet (Ocracoke Island) is bisected by a narrow channel 
just east of the Coast Guard station (near center of 
photograph 1 A). The 1959 photographs, taken nearly 
a year after the hurricane, show that the narrow 
channel just east of the site of the station has been 
greatly enlarged, the station Ls gone, and Pelican 
Shoal is connected to a remnant of the east end of Ocra- 
coke Island. The tidal delta on the north (lagoon) side 
of the inlet is well shown in the 1959 photographs. 
Deposition on the south (ocean) side of the inlet Is 
shown by underwater bars and by curved spits on the 
south side of Pelican Shoal and the isolated tip of Ocra- 
coke Island (M. T. El-Ashry, written commun., 1963). 

N.C. 2. Skoreline change! at Cape Hatteraa, 1945-62 

County: Dare. 

Lat 35®14' N,; long 75®32' W. 

Number of photograph!: 4. 

Photograph scale; 1:21,000, 1945, 1953; 1:24,000, 1959, 1962. 
Date flown: 1945, 1953, 1959, 1962. 

Map reference: U.S. Ocol. Survey Cape Hatteras 
quadran^e, scale 1:24,000. 

Ceolog}' reference: Athearn, W. D., and Ronne, Claude, 1953, 
Shoreline changa at Cape Hatteraa; Naval Research Rev., 
V. 16, no. 6, p. 17-24. 

Features illusirateH. — These photographs do not pro- 
vide stereoscopic coverage. On the 1945 photograph 
no. N.C. 2 A in the soutkeaM corner) a dirt road 
(white line) runs north front the Cape to tlie center 
point on the north edge. A point common to all the 
photograplis Ls the small lig)it-col(»red area of hare sand 
about 0.1 of an inch long that lies just west of the road 
and alxjut 1 .5 inches nortJi of the shore. 

The 195:1 photograph (arf no. N.C. 2 B in the iiorth- 
weftt corner) shows that the erosion of the beach south- 
west of the reference point (set no. N.C. 2 C in the 
southwest comer) amounted lo about 1,500 feet during 
an H-ycar ]>eriod. The 1959 photograph shows further 
erosion from 1953 to 1959, hut the 1962 photograph 
(set no. N.C. 2 D in the southeast comer) suggests very 
little change from 1959 lo 1962. 

The spit at the tip of the Cape has changed markedly 
durmg this 17-year jieriod. In 1945 there was almost no 
spit, in 1953 a prominent spit pointed eastward, and 
in 1959 no spit was visible. 

M. T. El-Ashrv suggests (written commun., 1963) 
that the s<Mithwest-trending spit in the 1962 photo- 
graph wa.s formed during an e.xtra(ropical cyclone that 



passed over the area a few days before the photograph 
was taken. A similar spit formed during Hurricane 
Helene in 1958 but had disappeared by the time the 
1959 photograph was taken. 

N. Dsk. 1. Floted drift near L«ng Lake Craek 

County: Emmems. 

Lat 46^28' N.; long 100*01' W. 

Number of photographs; 2. 

Photograph scale: 1 :60,000. 

Focal length: 6 in. 

Date flown: July 28, 1952. 

Map reference: U.S. Geol. Survey Jamestown and Biamarck 

sheets, scale 1:250,000. 

Geology reference: Coltoo, R. B., Lemkc, R. W., and Lindvall, 
R. M., 1963, Preliminjiry glacial map of North Dakota: 
IT.0. Geol. Survey Misc. Geol. Inv. Map 1-331. Fiaher, S. P-, 
Jr., 1952, The geology of Emmoos County, North Dakota; 
North Dakota Geol. Survey Bull. 26, 47 p. 

Features illustrated (set nos. N. Dale. / A-B in nortA- 
east corner oj photographs). — Plains are mantled by 
grotind moraine. On the west side of Long Lake Creek 
(west half of photograph 1 A), the ground surface was 
molded by south-southwest-moving ice into linear 
ridges and swales that give a fluted appearance to the 
surface. 

N. Dak. 2. End moraines in Kidder County 

County: Kidder. 

Ut 47*15' N.; long 99*3.V W. 

Number of photographs: 3. 

Photograph scale: 1:60,000. 

Focal length; 6 in. 

Date flown: July 31. 1952. 

Map reference; U.S. Geol. Hurv'cy New* Rockford sheet, scale 
1:260,000. 

Geology refcrcuce: Colton, R. B., Lemke, R. W., and Lindvall, 

It. M., 1963, Prelimiaar>‘ glacial map of North Dakota: U.S. 
Geol. Survey Misc. Geol. Inv. Map I-33I. Laird, W. Nt., 
I^emke, K. W., and Hansen, Miller, 1958, Guidebook, 
.Vlldwostcni Friends of the Pleistocene, 9th Annual Field Con- 
ference. 1958: North Dakota Geol. Survey Misc. Ser. 10, 114 p. 

FeaiurtJt iUmtrated (net nos. N. Dak. t A-C in north- 
east comer oJ photographs). — A broad area of collapse 
or "dead ice” ground moraine is characterized by many 
large and small lakes. There b no conspicuous linear 
trend to the topography. A prominent bell of end 
moraine (north half of photograph 2 B) formed hy- 
son thward-raoving icc shows many small subparallel 
linear ridges and swales with a few small ponds. A part 
of an older belt of more lobate end moraine also built 
by southward-morag ice occurs in the southern part 
of the ])hotograpbs. These moraines arc the northward 
extension of the Streeter moraine that Lemke and 
('olton believe marks the drift border of an ice advance 
that b younger than the Cary maximum. 
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N. Dak. 3. Streets maraine near Alkaline Lake 

County: Kidder, Stutsman, and Logan. 

Lat 46®38' N.; long 99®25' W. 

Number of photographs; 2. 

Photograph scale: 1 : 60,000. 

Focal length: 6 in. 

Date flown: July 28, 1952. 

Map reference: U.8. Geol. Survey Jamestown sheet, scale 

1:2.50,000. 

Geology reference: Colton, R. B., Lcmke, R. W., and Lindvall, 

R. M., 1963, Preliminary glacial map of North Dakota: U.S. 
Geol. 8ur\'cy Miac. Inv. Map 1-331. Paulson, G. F., 1952, 
Geology and occurrence of ground water in the Streeter area, 
Stutsman, Logan, and Kidder Counties, North Dakota: North 
Dakota Geol. Survey Ground- Water Studios 20, 73 p. 

Feature iUimtraied {set noa. N. Dak. 3 A-B in north- 
east eoniar o/ phoio^ph^). — The massive Streeter mo- 
raine with many prominent arcuate ridges (southwest 
quadrant of photograph 3 B) was built by southweet- 
moving glacier ice. In front of it is an outwash plain. 
Behind the moraine to the northeast is a broad area of 
collapse moraine deposits with some large lakes and 
multitudes of small irregularly shaped ponds and 
swamps. 

N. Dsk. 4. Lake Agassis: Beaches and dissected Iske floor 
near Larimore 

County: Grand Forks. 

Ut 47*56' N.; long 97*36' W. 

Number of photographs: 2. 

Phot ograph scale: 1 : 60,000. 

Focal length: 6 in. 

Date flown: Sept. 10, 1952. 

Map referenw;: U.8. Geol. Survey I>arimore 15>miii quadrangle, 
scale 1:62,500. 

Geology reference: Colton, R. B., Lcmke, R. W., and Lindvall, 

R. M., 1963, Preliminary glacial map North Dakota: U.S. 
Oec^. Survey Miac. Geol. Inv. Map 1-331. Laird, W. M., 
Iximkc, R. W., and Hansen, Miller, 1958, Guidebook, Mid- 
western Friends of the Pleistocene, Uth Annual Field Con- 
ference, 1958: North Dakota Geol. Survey Misc. Ser. 10, 114 p. 

Featurea iUuatraied {att noa. N. Dak. ^ A-B in norih- 
eaat comer oj photographs). — Prominent beaches (Camp- 
bell, McCauley\il)e, Hillsboro) cross the northeast- 
sloping floor of the lake basin. The meandering Turtle 
River has carved a narrow volley about 50 feet below 
the lake floor. It flows in part parallel to the beach 
ridges and in part at right angles to them. 

N. Dak. 5. Lake Agaaais: Herman Beach on west edge of 
lake basin near Kempton 

County: Grand Forks. 

Lat 47*52' N.; long 97*40' W. 

Number of photographs: 2. 

Photograph scale : 1 : 60,000. 

Focal length: 6 in. 

Date flown: Aug. 1, 1952. 

Map reference: U.8. Geol. Survey Larimore 15-min quad- 

rangle. scale 1:62,500. 



Geology referenoo: Colton, R. B., Lemke, R. W., and Lindvall, 
R. M., 1963, Preliminary glacial map of North Dakota: U.8. 
Gool. Survey Misc. Geol. Inv. Map 1-331. Upham, Warren, 
1895, Tbo Glacial Lake Agassis: U.S. Geol. Survey Mon. 26, 
p. 332-333. (Out of print.) 

Feaiurea iUustraUd {set noa. N. Dak. 5 A-B in north- 
east corner of photographs). — Herman beach, which 
marks the western limit of Lake Agassiz, separates the 
smooth lake plain on the east from an area of ground 
moraine to the west. In the southeast quadrant of 
photograph 5 B, the Herman beach is a ridge of sand 
and gravel with uudraiued depressions to the west as 
much as 15 feet deep. The ridge is virtually continuous 
e.xcept where crossed by Little Goose River. In areas 
farther north, the local drainage from the till plain to 
the west is deflected north or south by the beach ridge. 

N. Dak. 6. Lake Agtaaiz: Beaekea and wave-cut scarp near 
Arrilla 

County: Grand Forks. 

Lat 47*53' N.; long 97*27' W. 

Number of photographs: 3. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: June 24, 1962. 

Map reference: U.8. Geol. Sur\*oy Emerado 15-min quad- 
rangle, scale 1:62,500. 

Geology reference: Upham, Warren, 1895, The Glacial Lake 

AgusBix; U.S. Geol. Sun,cy Mon. 25, p. 418, 436, pi. 29 and 
fig. 25. 

Features iUuatraUd (set nos. N. Dak. 6 A-C in north- 
east comer of photographs). — Prominent northwests 
trending gravelly beach ridges as much as 1,000 feet 
wide arc locally the sites of borrow pits. On the lake 
(east) side, the beaches are about 20 feet high; on the 
landward (west) side they are as much as 10 feet high. 
The McCauleyville beach passes through the center of 
photograph 6 C, and the Campbell beach is just to the 
west. West of the latter beach is a low wave-cut(?) 
scarp. The trellised drainage pattern is controlled by 
the ridges. 

Ohio I. Pleistocene lake beaches east of Elyria 

<!k>unty: Ix)rain. 

Lat 41*25' N.; long 82*03' W. 

Number of photographs: 3. 

Photograph scale: 1:60,000. 

Focal length: 6 in. 

Date flown; May 16, 1960. 

Map reference; U.S. Geol. Survey Avon and North Olmsted 
7H*min quadrangles, scale 1:24,000. Toledo sheet, Bcalo 
1:250,000. 

Geology reference: Goldthwait, R- White, 0. 'V., and 

Forsyth, J. L,, 1961, Glacial map of Ohio; U.8. Geol, Survey 
Misc. Geol. Inv. Map. 1-316. 

Feainres iUnstrated (sef Ohio I A-C in northeast 
corner of photographs). — On the lacustrine plain south 
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of Ij»ke Erie the main highways follow sandy and 
gravelly beach ridges of Wisconsin age. A major 
highway (State Route 254) enters the west edge of 
photograph 1 B just north of center and follows the 
gently curving beaches of Lake Warren northeast to 
Avon (about 1 in. south of center of north edge of 
photograph) and thence east beyond the limits of this 
exposure. Another main road (U.S. Route 20) enters 
the west edge of photograph 1 B about 3 inches south 
of the center point, and follows the Lake Whittlesey 
beach to the northeast, under the Ohio Turnpike, 
through Xortli Ridgerille, and on the northwest side 
of an area of woodland (due east of center of photo- 
graph). 

Oku. 1- Caeala lad strip miae aesr LeUfh 

County: Coal. 

Lat 34*26' N.; long 96*12' W. 

Number of photographs; 3. 

Photograph scale: 1:17,000. 

Focal length; Gin. 

Date flown: Nfar. 4, 1956. 

Map reference: U.8. Geol. Sur\'cy Lohtgh quadrangle, 

scale 1:24,000. 

Geology reference: Kncchtcl, M. M., 1937, Geolog>' and fuel 

resources of the southern part of the Oklahoma coal field; 
pt. 2, The Lehigh district, Coal, Atoka, and Pittsburg Coun> 
ties: U.S. Geol. Survey Bull. 874-B, p. 91-149; gcol. map 
(pi. 11), scale 1:63,360. 

Feaiurts illustraUd {set nos. Okla. / A-C in northeast 
corner oj photographs). — A sequence of shale, sand- 
stone, and coal of Pennsylvanian age dips gently north- 
cAst at about 400 feet to the mile. A sandstone cuesta 
from 40 to 80 feet high faces southwest. The dip slope 
to (he northeast is ^vooded. The strip mine on the culti- 
vated plain west of the cuesta has been opened along 
the Lehigh coal bed of the McAlester Shale. 

Okla. 2. Sigmoid fold in Black Knob Ridge 

County: Atoka. 

Ut 34*24' N.; long 96*05' W. 

Number of photographs: 3- 
Photograph scale : 1 : 17,000. 

Focal length: 6 in. 

Date flown: Feb. 29, 1956. 

Map reference: U.S. Ged. Survey Stringtown 711i-miii qitad- 

rangle, scale 1:24,000. 

Geologj' reference: Hendricks, T. A,, 1947, Geology of the 
wcolem part d the Ouachita Mountains in Oklahoma: U.S. 
Geol. Survey Oil and Gas Inv. Prelim. Map 66, sheet 1, scale 

1:42,240. 

Features illustrated {set nos. Okla. 2 A-C in northeast 
comer oj photographs). — An S-shaped line of hills rises 
about 100-160 feet above the surrounding shale low- 
land. The hills are divisible into two ridges. The western 
one i'i the higher nf the two and is held up by the Big- 
fork dierl; the eastern one Is compt>se<l of Arkansas 



Novaculit«. Shale units (Polk Oeek Shale and Missouri 
Mountain vShale) separate tlie two ridges. The rocks are 
tightly folded. The pond is on the a.xis of a northeast- 
plunging syncline; to the southeast is an anticline 
plunging in the same direction. These ridges are part 
of a narrow structural block bounded by thrust faults 
that are not visible in these photographs. 

Okla. 3. Pine Mouataln ajmellne 

County ; Le Flore. 

Lat 34*55' N.; long 94*40' W. 

Number of photographs: 4. 

Photograph scale : ! : 23,600. 

Focal length: Gin. 

Date flown: Feb. 9, 1955. 

Map reference: U.8. Ged. Sur>'cy Heavencr 15-min quad- 

rangle, scale 1:62,500. 

Geology reference: Miser, H. D., 1954, Geologic map of Okla- 

homa: U.S. Geol. Survey, scale 1:500,000, 

Features Ulustrated {set nos, Okla. S A-D in northeast 
corner oj photographs). — These photographs show a 
foldetl sequence of Pennsylvanian sedimentary rocks. 
Narrow sandstone ridges are separated by broad low- 
lands underlain by shale. The locality is near Heavener, 
about on the boundary between the Ouachita Moun- 
tains and the Arkansas Valley. Pine Mountain syncline 
(south half of photograph 3 B), held up by the Hart- 
shorne Sandstone, plunges eastward and is bordered 
on the south by the meandering Poleau River. To the 
north, sandstone ridges outline an east-plunging anti- 
cline (center of photograph 3 C). Strip riiinee^ have been 
opened ui the rocks of Pine Mountain, and the same 
rocks form a narrow ridge north of the aiiticluie (north- 
west quadrant of photograph 3 D). 

Okla. 4. Rich MounUin ayndine 

Coiiuty; Lc Flore. 

Lat 34*41' N.; loag 94*34' W. 

Number of photographs: 3. 

Photograph scale: 1 :23,600. 

Focal length; 6 in. 

Date flown: Feb. 12, 1955. 

Map reference: U.S. Gcol. Survey Page 15-min quadrangle, 
scale 1:62,500. 

Geology reference; Seely, D. R-, 1963, Structure and stratig- 
raphy of the Rich Mountain area, Oklahoma and Arkansas; 
Oklahoma Geol. Survey Bull. 101, 173 p.; geol. map (pt. I), 
scale 1:41,600. 

Feaiurts Hhtstraied {set nos. Okla. 4 A-C in northeast 
corner oj photographs). — Thick sandstone beds separated 
by thin sliale units (Game Refuge Formation of Missl^- 
sippiaii age) form the Wilton Mountain, an east- 
j)lunging syncline (eaist half of photograph 4 B). The 
surrounding lowlands are midGrlain largely by shale 
(Wesley, Markham Mill, and Prairie .Mountain F<»r- 
mations). Rich Mountain to the north (center of photo- 
graph 4 B) Is held up by massive sandstone (Wildhorse 
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Mountain Formation) on the north limb of the syn- 
cUne. Small hare of scree lie on the south slope 

of Rich Mountain. The gullied lower slopes on the north 
side of the mountain are mantled by bouldery colluvuim. 

Oref. I. Dnaea near Cape Lookout 

County: Tillamook. 

Lat 45*18' N.; long 123*57' W. 

Number of photographs: 3. 

Photograph scale: 1 : 37,400. 

Focallength: Gin. 

Date Gown: Aiig. 10, 1953. 

Map reference: U.8. Gool. Survey Tillamook 15-min quad- 
ran^e, scale 1;G2,500. 

(icdogy reference: Cooper, W. S., 1958, Coastal sand dunes of 
Oregon and Washington: Geol. Soc. America Mem. 72, p. 
77-78, pis. 2 and 16. 

Features Ulustraifit (set nos. Oreg. / A-C tn nortkeusl 
corner oj photographs). — An enorinoua j)arabolic-shaped 
dune, about 3.5 miles long, has its long axis orientated 
about N. 30® E.; it lies to the northwest of Sand I>ake, 
a broad tidal flat. The seaward side of the sand ridge 
has been sliced away by the sea on a north>souUi line. 
Along the shore near (''hamberlain l.<ake the truncated 
sand body is about 80 feet high. The mam part of the 
dune is stabili7.ed and densely forested; its outer mar- 
gins are sleep-sided ridges. A strip of bare mobile sand 
lies along the axis of the parabola from the shore to its 
northea.st tip, including four units, each with an active 
slip face, ('ape Ix>okout is a narrow rocky headland, 
bordered by 400-foot cliffs that jut out about \% miles 
into the Pacific Ocean. The (.'ape and adjacent high- 
lands are composed of Miocene basalt that overlies 
sandstone and shale, also of Tertiary ago and forms the 
lower hills in the ea.st part of photograph 1 B. 

Oref. 2. Stabilized aed active duaes near Sittslaw River 

County: Lane. 

Lat 44*01' N.; long 124*07' W. 

Number of photographs: 3. 

Photograph scale: 1:37,400. 

Focallength: Gin. 

Date flown: Sept. 29, 1954. 

.Map reference: U.8. Geol. Survey Kcccta Head and Siltcooa 
l..ake 15-min quodran^es, scale 1:62,500. 

Geology reference: Cooper, W. 8., 1958, Coastal sand dunce of 
Oregon and Washington: Geol. Soc. America Mem. 72, p. 88- 
93, pla. 3. 7, 14, 16, and 17. 

Features illustrated {set nos. Ortg. 2 A~C in southeast 
comer oj photographs). — North of the river (photo- 
graph 2 B), the dune comjdex is more than 3 miles wide. 
A north-south highway follows a fiat densely forested 
plain where sand is completely stabilized. To the ea.st 
and west are areas of active sand, elongate north-south. 
The lakes near the north edge of the same exposure are 
streams ponded by dune sand. The longshore (north- 
w*ard) transport of suspended sediment is indicated 



both by turbidity patterns in the sea and by the north- 
ward shift of the mouth of Siuslaw River, a distance of 
about 3 miles. 

Oref. 3. Ceaetal donee near SUtceos River 

County: Douglas and Lane. 

Lat 43*63' N.; long 124*09' W. 

Number of photographs: 3. 

Photograph scale: 1:20,000. 

Focal length; 8.25 in. 

Date flown: Oct. 14, 1952. 

Map refercnco: U.S- Geol. Survey Siltcoos Lake 16-rain quad- 
rangle, scale 1:62,500. 

Geology' reference: Cooper, W. 8., 1958, Coastal sand dunes of 
Oregon and Washington: Ged. Soe. America Mem. 72, p. 
104-110, pis. 3, 19, and 20. 

Feaiures Ulusiraied {set nos. Ortg. 3 A--C tn soulheasl 
comer oj photographs). — North of the river (north half 
of photograph 3 B) the dune belt, about \% miles wide, 
is largely bare sand broken by a few small forested 
areas. The bare sand has a pattern of northeast'-trending 
ridges transverse to the prevailing winds; near the east 
edge of the area this pattern is superposed on larger 
northwest-trending sand ridges. South of the river the 
dune belt is les-s than a mile wide between mountains 
and beach. Between beach and dunes is a strip of small 
hillocks, in part grassed, which Cooper calls a “marram- 
gras-s foredune.” 

Oref. 4. Crater Lake 

County: Klamatli. 

Ut 42*56' N.; long 122*06* W. 

Number of photographs: 5. 

Photograph scale: 1:54,000. 

Focallength: 6 in. 

Date flown: Aug. 9, 1953. 

Map reference: U.S. Geol. Survey Medford sheet, scale 
1:250.000. 

Geology reference: WUliams, Howcl, 1941, Crater Lake, the 
story of iU origin; Berkeley, California Univ. Press, 97 p. 

Features illustrated {set nos. Oreg. 4 A-E in north- 
tastem comer oj photographs). — These photographs 
show the lake and a part of the eastern and western 
slopes of Xfount Mazamu. The U-shaped valleys on the 
slopes of the volcano are cut off by the walls of the 
crater. These valleys were carved by alpine glaciers 
that mantled the upper slopes of the volcano at the 
time of the violent eruptions that led to the disappear- 
ance of the top of Mount Mazama and the formation 
of Crater Lake and Wizard Island, a cinder cone. 

Oref. 5. PaUerned fronnd aauth of Owyhee Reservoir 

Couaiy : Malheur. 

Lat 43*14' N.; long 117*25' W. 

Number of photographs: 2. 

Photograph scale; 1:27,700. 

Focal length: 5.2 in. 

Date flown: Sept. 14, 1946. 
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Map reference: U.S. Geol. Survey Boise sheet, scale 1:250,000. 
Geology reference: Maleic, II. 1064, Patterned ground in 

the western Snake River Plain, Idaho: Geol. Soc. America 
BuU., V. 7S. no. 3, p. 191-208. 

Feature* iUuetraied {set nos. Oreg. 6 A-B in northeast 
comer oj photographs). — Mounds of silt surrounded by 
rock rubble form a dLstinctive spotted pattern on 
weathered upland basalt and rhyolite. The pattern is 
characteristic of extensive basaltic terranes in the 
Columbia Plateau and the Snake River Plain; it Ls 
presumably a periglacial landform. 

Pa. I. Nippenoae Valley aatlcUne 

County: Lycoming and Clinton. 

Lat 41°10' N.; long 7T‘l2' W. 

Number of photographa: 4. 

Photograph scale: 1:50,000. 

Focal length: 6 in. 

Date floa-n: Oct. 25, 1955. 

Map reference: U.8. Geol. Survey Williamsport 15*min quad- 
rangle, scale 1:62,500. 

Geology reference: Gray, Carlyle, and others, 1060, Geologic 
map of Pennsylvania: Pennsylvania Geol. Survey, 4th ser., 
scale 1:250,000. 

Features illustrated {set nos. Pa. 1 A-D in southwest 
comer oj photographs). — Ordovician limestones on the 
crest of a northeast-trending anticline floor Nipponose 
Valley (south half of photograph 1 C) where there are 
many sinkholes. The valley is completely surroimded by 
ridges of outward-dipping quartzitic sandstone of the 
Juniata and Tuscarora Formations. The surface drahi- 
age of the valley b by way of Antes Creek that flows 
northward through a gorge into the broad valley of the 
West Branch Susquehanna River near .Jersey Shore. 
This valley is underlain in large part by shale of 
Silurian and Devonian age. On the south edge of the 
flood plain of the West Branch, Antes Creek has built 
an alluvial fan. 

Pa. 2. Strip mlDea In anthracite coal near Monnt Pleasant 

Coimty: Schuylkill. 

Lat 40»42' N.; long 76“20' W. 

Number of photographa: 3. 

Photograph scale : 1 : 20,000. 

Focal length: 8.25 in. 

Date flown: Aug. 29, 1958. 

Map reference: U.8. Geol. Siuwcy Mineravillc 7^min quad- 

rangle, acalc 1:24,000. 

Geology' reference: W'ood, G. H., Jr., Trexler, J. P., Yclenoeky, 
Andy, and Soren, Julian, 1958, Geology of the northern half 
of the Minorsville quadrangle and a part of the northern half 
of the Tremont quadrangle, Schuylkill County, Pennaylvania: 
U.S. Geol. Surt'cy Coal Inv. Map C-43, acalc 1 : 12,000. 

Features illustrated (set nos. Pa. H A-C in southeast 
comer oj photographs). — The coal beds occur in closely 
folded synclines; so, in general, the mines outline syii- 
clines and the wooded ureas unticliiies. In the central 



part of photograph 2 B, for example, the east-northeast- 
trendiog belt of strip mines just north of the center of 
the photograph is along a syneJine. The adjacent anti- 
cline to the south is marked by a strip of woods that 
passes through the center of the photograph, and the 
next syncline passes under the lanje flat-topped heap 
of coal-mine debris (gray areas east of center of same 
exposure). 

Near the west edge of the photograph the northern 
syncline is replaced by several minor folds whose axes 
rise westward. Rocks stratigraphically below the coal 
beds are brought to the ground surface. The traces of 
several thrust faults cross the photographs but are not 
readily apparent. 

Pa. 3. Hickory Ran boulder Held, Poeono Plstoan 

County: Carbon. 

Ut 41°03' N.; long 75»39' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: June 8, 1950. 

Map reference: U.S. Geol. Survey Stoddartavillo 15-min 

quadrangle, scale 1:62,500. 

Geology reference: Smith, H. T. U., 1953, The Hickory Run 
boulder field. Carbon County, Pennsylvania: .Am. Jour. Sci., 
V. 251, no. 9, p. 625-642. 

Features illustrated (set nos. Pa. S A-B in southeast 
comer oj photographs). — The boulder field (northeast 
quadrant of photograph 3 A) is a bare expanse of 
boulders of locally derived quartzitic sandstone and 
conglomerate as much as 20 feet long. The field 
slopes about 1*. Smith believes tliat the boulder 
field was fonned when the Wisconsin ice sheet was 
close by. The terminal moraine lies just north of the 
field outside the area of overlap. 

Pa. 4. Ice-raargliial dells near Sayleribnrf 

County : Monroe. 

Lat 40"56' N.; long 75" 18' W. 

Number of photographs: 3. 

Photograph scale : 1 : 23,600. 

Focal length : 6 in. 

Date flown: Apr. 24, 1957. 

Map reference: U.S. Geol, Survey Saylorsburg 754-min quad- 
rangle, scale 1:24,000. 

Features illustrated (set nos. Pa. 4 A-C in northeast 
comer oj photographs). — Flat-topi)ed grassy hUl in 
center of photograph 4 B is a delta; borrow pit on its 
east edge (at west end of bedrock ridge) exposes gravel 
and sand. The delta was built by a melt-water stream 
emerging from ice that covered much of the northeast 
quadrant of the photograph and which danuned the 
northeast drainage (McMichael Creek) tributary to 
Delaware River. The discontinuous ridge north of 
the della is probably an csker formed by the delta- 



Digitized by Google 




DETAILED DESCRIPTIONS OF SETS OF AERIAL PHOTOGRAPHS 



building stream. Depreesions, chiefly at the northeast 
edge of the delta, are kettles. Lacustrine silt and clay 
underlie lowlands east, south, and west of delta. The 
hUls in the southwest comer of the photograph were 
not glaciated in Wisconsin time (J. B. Epstein, 
written commun., 1954). 

Pa. 5. Termiaal marafaie al Bangor 

County: Northampton and Monroe. 

Lat 40*53' N.; long 75*13' W. 

Number of photographs: 3. 

Photograph scale: 1 :23,600. 

Focal length: 6 In. 

Date flown: Apr. 24, 1951. 

Map reference: U.8. Geol. Survey Stroudaburg, Saylorsburg, 

Wind Gap, and Bangor 7)4>min quadrangles, scale 1:24,000. 
Geology reference; Leverett, Frank, 1934, Glacial deposits 
outside the Wisconsin terminal moraine in Pennsylvania: 
Pennsylvania Geol. Survey, 4th ser., Bull. G 7. 

Features iUusiraUd {set nos. Pa. 5 A-C in northeast 
earner oj photographs). — Wisconsin terminal moraine 
on the southeast slope of Blue Mountain near Bangor. 
A belt of hummocky topography with many small 
{>onds and swamps and tts much as half a mile wide 
extends north and south in the eastern half of photo> 
graph 5 B. In Blue Mountain (northwest quadrant 
of photograph 5 C), the quartzite and conglomerate 
of the Sbawangunk Conglomerate overlie the Martins- 
burg Shale and form a southwestward^plunging syncline. 
The numerous slate quarries in (he Martinsburg near 
Bangor are now largely inactive. 

Pa. 6. Delaware Water Gap 

County: Monroe and Northampton, Pa., and Warren, N.J. 

Lat 40*58' N.; long 75*07' W. 

Number of photographs: 3. 

Photograph scale: 1:20,000. 

Focal length: 8.26 in. 

Date flown: May 6, 1059. 

Map reference: U.S. Geol. Survey Stroudsburg and Portland 

7ii>min quadrangles, scale 1:24,000; Delaware Water Gap 
15‘min quadrangle, scale 1:62,500. 

Geology reference: Epstein, J. B., 1960, Structural control 
of wind gape and water gaps and of stream capture in the 
Stroudsburg area, Pennsylvania and New Jersey; in Geo- 
logical Survey research 1966. U.S. Geol. Survey Prof. Paper 
.WH, p. B80-B86. 

Features iUuetraUd {set nos. Pa. 6 A-C in southeast 
comer oj photographs), — Delaware Water Gap is one 
of the classic water gai)« in the Appalachian Highlands, 
about 1,200 feet deej> and less than a mile wide at the 
top. The nearly flat top of Kittatinny Mountain at the 
gap was believed by W’. M. Davis to be a remnant 
of his Schooley peneplain preserved on top of the 
resistant quartzite that can be seen dipping steeply’ 
to the northwest. The course of the river through the 
ridge has been variously attributed to superposition 



or to stnictural control related to joints, faults, 
or plunging folds. 

P.B. I. DoUne or siakliolo kwa< topograplir 

County: Munieipio de Camuy. 

Lat 18*24' N.; long 66*51' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 6 in. 

Date flown: Feb. 12, 1963. 

Map referenoe: U.S. Geol. Sur\'cy Carmiy 7^-min quadrangle, 
scale 1:20,000. 

Geology reference: Monroe, W. H., 1063, Geology of the Camuy 
quadrangle, Puerto Rico: U.S. Geol. Survey Geol. Quad. 
Map GQ-197. 

Features illustrated {set nos. P.R. I A-B in northeast 
comer oj photographs). — Intricate karst topography 
formed in lower Miocene limestone which dips 3®-6® 
N. Sinkholes are as deep as 60 meters and towers as 
high as 40 meters. Apparently bare southern and 
extern slopes in the southern part of the area are 
covered by a mat of ferns in contrast to the densely- 
wooded northern and western slopes. Near the south- 
east corner of photograph 1 B a stream appears at the 
head of an alluviated valley, flows north and then east 
and dLsajjpears in a cave (in woods), flows under- 
ground to the north, reappears in another alluviated 
valley, flows through a small gorge, and flnaUy dis- 
appears in a cave that is near the east edge of photo- 
graph 1 B. 

P.R. 2. Tow«r karst and haystack Mila 

County: Municipios dc Camuy and Hatillo. 

Lat 18*26' N.; long 66*49' W. 

Number of photographs: 3. 

Photograph scale : 1 : 20,000. 

Focal length: 6 in. 

Date flown: Feb. 8, 1963- 

Map reference: U.S. Geol. Sur\'ey Camuy 7H-min quadrangle, 
scale 1:20,000. 

Geology reference: Monroe, W. H., 1963, Geology of the Camuy 
quadrangle, Puerto Rico: U.S. Geol. Survey Geol, Quad. 
Map GQ-197. 

Features illustrated {set nos. P.R. 2 A-C in northeast 
corner oj photographs). — Parallel valleys, apparently 
joint controlled, are in tower karst on both sides of 
the canyon of Rio Camuy. The rock is nearly hori- 
zontal, very pure compart chalk, cemented on surface 
to very- compact dense limestone. Many mogotes or 
haystack hills, projecting through a mantle of alluvial 
clayey sand, appear in photograph 2 C. 

P.R. 3. Observatory sinkhole and exhumed burled kill 

County: Muuieipioe dc Arcciho and Utuado. 

I*at 18*21' N.; long 66*45' W. 

Number of photographs: 3. 

Photograph scale : 1 : 20,000. 
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Focal length: 6 in. 

Date flown: Mar. 21, 1963. 

Map reference: U.S. Geol. Survey Bayaney and Utuado 7H-min 
quadrangles, scale 1:20,000. 

Geology reference: Zapp, A. D., Bergquist, H. R., and Thomas, 
C. R., 1048. Tertiary geology of the coastal plains of Puerto 
Rico: U.S. Geol. Survey OU and Gas Inv. Prelim. Map 85. 

Feaiwreft iilxuiraUd {set nos. PM. 3 A-C in noriheasi 
corner oj phoiographit). — An exceptionally large sink- 
hole, 400 meters in diameter and 70 meters deep, is 
the site of the Arecibo Ionospheric Observatory. The 
entrance of the underground course of Rio Tanam4 is 
just to the south of sinkhole. Mixed doline and tower 
karst topography are well shown in all three photo- 
graphs. Smooth topography in the southeast quadrant 
of photograph 3 B is an inlier of weathered volcanic 
rocks -an exhumed buried hill. A small tower of lime- 
stone just west of the crest is a hum, or residual karst 
hiU. 

P.R. 4. Canyon of Rio Grande do Arecibo 

County: Municipio de Arecibo. 

Lat 18*’23' N.; long 66*41' W. 

Number of photographs: 2. 

Photograph scale : 1 : 20,000. 

Focal length: 6 in. 

Date flown: Feb. 22, 1063. 

Map reference: U.S. Geol. Sur>'cy Arecibo and Utuado 7}^min 
quadrangles, scale 1:20,000. 

Geology reference: Zapp, A. D., Bergquist, U. R., and Thomas, 
C. R., 1948, Tertiarj' geology of the coastal plains of Puerto 
Rico: U.S. Geol. Survey Oil and Gas Inv. Prelim. Map 85. 

Featurcft illustrated {set nos. PM. 4 A-B in northeast 
comer oj phoiograph^. — The valley of the Rio Grande 
de Arecibo has an alluvial floor about 1 kilometer wide 
and almost vertical walls a.s much as 180 meters high. 
The surrounding uplands have a well-formed sinkhole 
karst topography in gently north-dipping Aguada 
{.limestone (northern part of area) and Montebello 
Member of the Cibao Formation (southern part of 
area). In the valley near the south edge of the photo- 
graphs is an area of .small tower karst formed in the 
I^ares Limestone. 

P.R. S. EoHanite ridges sod sea cliffs on north const 

County: Municipio dc Manaii. 

Ut 18*28' N.; long 66*29' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length; Gin. 

Date flown; Feb. 8, 1063. 

Map reference: U.S. Geol. Survey Manaii and Barccloncta 

TH-min quadrangles, scale 1:20,000. 

Geology reference; Monroe, W. H., 1962, Geology of the Manaii 
quadrangle, Puerto Rico: U.S. Geol. Sun.*cy Misc, GecU. Inv. 
•Map 1-334. I960, Sinkholes and lowers in the karat area of 
north-central Puerto Rico, in Short papers in the geological 
sciences: T.1.8. Geol. Survey Prof. Paper 400-B, p, B356-B36Q. 



Features iUustrated {set nos. PM. 5 A-B in northeast 
comer oj photographs), — A ridge of eolianite (calcareous 
dune sand cemented by action of underground wator) 
forms Punta Marchiquita (center of photograph 5 B). 
To the west of the area behind (south of) the eolianit« 
ridge are sand flats alternating with marshes; just west 
of Punta Marchiquita is a small reverberation bay 
whose beach has the form of the wave front of the 
refracted waves that enter the narrow mouth of the 
bay. To the south, a higher ridge of eolianite forms a 
sea cliff, in part now abandoned. Inland, ridges made 
up of haystack hills (mogotes) rise above a plain 
mantled by alluvial sand. 

P.R. 6. Joint-coatralled selatlon trenchea (xanjonei) 

County: Municipioe de Morovia and CuUes. 

Lat 18*22' N.; long 66*27' W. 

Number of photographs: 3. 

Photograph ecalo : 1 : 20,000. 

Focal length: 6 in. 

Date flown: Jan. 16, 1964. 

Map reference: U.S. Geol. Survey Cialcs 7H-min quadrangle, 
scale 1:20,000. 

Geology reference: Monroe, W. H., 1964, The sanj6n, a solution 

feature of karst topography in Puerto Rieo, m Geological 
Survey research 1964: U.S. Geol. Survey Prof. Paper 501-B, 
p. B126-B129;see 6g.4. 

Features iUustrated {set nos. PM. 6 A-C tn northeast 
comer oj photographs). — The southeast quadrant of 
photograph 6 B shows compound or multiple zanjones — 
enlarged solution joints that form parallel valleys in 
thin-bedded limestone. In the southwest quadrant of 
the same exposure there is a lateral facies change to 
massive limestone and well-formed tower karst. In the 
north half of the same exposure the massive limestone 
is overlain by calcareous clay. A steep south-facing es- 
carpment at the extreme north edge of the same photo- 
graph is a cuesta capped by a thick bed of hard 
limestone. 

P.R. 7. Tower kirst 

County: .Municipioe de Vega Baja and Manati. 

Lat 18*24' N.; long 66*26' W. 

Number of photographs: 2. 

Photograph scale ; 1 : 20,000. 

Focal length: 6 in. 

Date flown: Feb. 12, 1963. 

Map reference: U.S. Geol. Survey Manati 7H-mln quadrangle, 

scale 1:20,000. 

Geology reference: Monroe, W. H., 1962, Geology of the Ma- 

nati quadrangle, Puerto Hico; U.S. Geol. Survey Misc. Geoi- 
Inv. Map 1-334. Monroe, W. H., 1960, Sinkholes and towers 
in the karat area of north-central Puerto Rico, in Short papers 
in the geological sciences: U.S- Geol. Survey Prof. Paper 
400-B, p. B356-B360. 

Features illnstrated {set nos. P.R. 7 A-B tn norUieast 
\ comer of photographs). — Mt^otes or haystack hills sur- 
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rounded by alluvial “blanket” sand. Many mogotes are 
steeper on their west-facing slopes than on their east- 
facing slopes; shelter caves and cliffs are conunon on 
the west-facing slopes but rare on other slopes. 

P.R. 8. Landslides near Corexal 

County: Municipioe de Corosal and Vega Alta. 

Ut 18‘'21' N.; long 66°21' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 6 in. 

Date flown: Jan. 10, 1904. 

Map reference: U.8. Geol. Survey Corozal 7>4-min quadrangle, 

scale 1:20,000. 

Geology reference: Monroe, W. H., 1964, Large retrogressive 

landslides in northern Puerto Rico, in Geological Survey 
research 1904: U.S. Geol. Survey Prof. Paper 501-B, p. 
B123-B125. 

Features iUustraUd (set nos. P.R. 8 A-B in northeast 
corner oj photographs). — The triangular-shaped lowland, 
largely in the northwest quadrant of photograph 8 A, 
is bounded on the north and southwest by limestone 
cliffs. To the south and southeast are low hills of vol- 
canic and intnisive rocks. The lowland is covered by 
landslide debris whose surface is irregular and hum- 
mocky in contrast to the fine-scale dissection of the 
igneous rocks to the south and the tower karst on the 
limestone to the oast and west. As the Rio Cibuco, 
that skirts the north edge of the lowland, cut down 
through the limestone, blocks of the limestone broke 
off the adjacent cliffs and slid on the clay that underlies 
the massive beds. By these processes the lowland has 
been widened and mantled by bouldery deposits. 

R.I. I. Cfcirleslown abfalion mwaine 

County: Washington. 

Lat 41'24' N.; long 71*36' W. 

Number of photographs: 4. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: Nov. 12, 1951. 

Map reference: U.S. Geol. Survey Kingston and Carolina 711- 

min quadran^es, scale 1:24,000. 

Geology reference: Kaye, C. A., 1900, Surficial geology of the 

Kingston quadrangle, Rhode Island: U.S. Geol. Survey Bull. 
1071-1, p. 341-396. 

Features iUustraled (set nos. R.I. 1 A-V in southeast 
comer of photographs). — A segment of the Charlestown 
moraine (north half of photograph 1 B) and its outwash 
plain (south half of same photograph). The ridges on 
the moraine represent superglacial debris that slid into 
crevasses in the wasting ice; the mound-shaped hills 
are similar fillings of large depressions in the ice. The 
material is till and some sand and gravel. The ridges 
fronting the moraine on the north and south are col- 
luvial ramparts. Stratified sand and gravel form the 
outwash plain that slopes gently southward from the 



moraine and is drowned at its southern edge where 
ponds are formed by building of beaches between 
headlands. 

8.C. 1. CotUnpateh Bay 

County; Hony. 

Lat 33'47' N.; long 78»57' W. 

Number of photographs: 3. 

Photograph scale : 1 : 20,000- 
Focal length; 8.25 in. 

Date flown: Feb. 23, 1968. 

Map reference: U.S. Geol. Survey Nixonville and Myrtle Beach 
15-mln quadranglce, scale 1:62,500. 

Geology rdcrcnce: Prouly, W. F., 1952, Carolina Bays and 
their origin: Geol. Soc. America Bull., v. 63, p. 167-224. 

Features illustrated (set nos. S.C. I A-C in southeast 
comer of photographs).- — Cottonpatch Bay (north half 
of photograph 1 B), an elliptical-shaped swamp about 
three-quarters of a mile in diameter, is surrounded by 
a nearly continuous low sandy ridge. The Carolina 
“bays” are particularly abundant on the Carolina 
coastal plain and have been the subject of controversy 
since they first became readily discernible with the 
advent of aerial photography. 

These bays transect many narrow closely spaced 
parallel sandy ridges and swamps, apparently ancient 
shore features. 

8. Oak. 1. Cnestas aesr Hoi Springs ss sontkeast flank of 
Black Hills 

County: Fall River and Custer. 

Lat 43°27' N.; long 103“25' W. 

Number of photographs: 5. 

Photograph scale : 1 : 68,800. 

Focal length : 0 in. 

Date flown: Aug. 25, 1953. 

Map reference: U.S. Geol. Survey Hot Springs, Minnekahta 
NE., and Buffalo Gap 7H-min quadrangles, scale 1:24,000. 
Geology reference: Darton, N. H., 1902, Description of the 
Oclrichs quadrangle [South Dakota); U.S. Geol. Survey Geol. 
Atlas, Folio 85. (Out of print.) 

Features illustrated (set nos. S. Dak. I A-E tn northeast 
comer of photographs). — Carboniferous, Jurassic, and 
Cretaceous sedimentary rocks dip southeast off the 
Black Hills uplift. Carboniferous limestone forms hills 
just west of Hot Springs (southwest quadrant of photo- 
gra|)h 1 D). The city is in a sliale lowland (Spearfisb) 
bounded to the east by hills of Jurassic and Cretaceous 
rocks, capped by Dakota Sandstone (southwest and 
northeast quadrants of photograph 1 C). The Dakota 
forms a conspicuous dip slope on west side of broad 
shale valley (southeast quadrant of same photograph) 
that contains a low but prominent limestone cuesta. 
Gravel terraces border the meandering Cheyenne River 
(southeast quadrant of photograph 1 B). 
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S. Dak. 2. Sheep MoanUln Table, Badlanda Natleaal 
Monament 

County : Shannon and Pennington . 

Ut 43‘»41' N-; long 102®34' W. 

Number of photographa: 3. 

Photograph scale; 1:17, OCM). 

Focal length: 6 In. 

Date fioa'n: Oct. 13, 1948. 

Map reference: U.S. iOeol. Survey Sheep Mountain Table 

Tlf-min quadrangle, scale 1:24,000. 

Geology reference: Smith, K. G., 1958, Erosional proccsaca 
and land forms in Badlands National Monument, South 
Dakota: Geol. Soc. America Bull., v. 69, no. 8, p. 975-1008. 

Ffatures illustrated {set noa. S. Dak. 2 A~C in norfA- 
eaat comer oj photographs ) , — Thb flat mesa is sur- 
rounded hy badlands carved in essentiaUy flat-lying 
beds of clay, lenticular sandstone, conglomerate, and 
volcanic ash of Oligocene age. Tiie edge of the mesa Is 
frayed by many small gullies fhat have a dendritic 
pattern. The floors of the badland washes on either 
side of the mesa arc 300-400 feet below the mesa top. 

8. Dak. Z. Clastic dikes in badlands at head of Conata Basin 

County: Pcnningt.on. 

Lnt 43®Sr N.; long 102»15' W. 

Number of photographs: 2. 

Photograph scale: 1 : 20,000. 

Focal length: 8.25 in. 

Date flown: Sept. 21, 1938. 

Map reference: U.S. G«d. Surv'cy Quinn Tabic 8E. and Wall 

8W. Tfi-min quadrangles, scale 1:24,000, 

Geologj' reference: Smith, K. G., 1958, Erosional proocssc* 
and landforms in Badlands National Monument, South 
Dakota: Geol. Soc. America Bull,, v. 69, no. 8, p. 975-1008. 

FetUurts illustrated {net nos. S. Dak. 3 A-H in south- 
east corner oj photographs), — Flat -lying betis of clay, 
lenticular sandstone, conglomerate, and volcanic a.sh 
are eroded mto badlands. Those in the north half of 
photograph 3 B form a divide — the Wall — between 
washes draining southward to White Kiver and those 
that empty into the (’heyenne River to the northwest. 
Tl»e plain south of the Wall has a wk! cover, and at its 
upper end Is about 20tl feet belf)w (he headwaters of 
the tributaries of the ('heyenne River. Sandstone dikes 
are conspicuous in the Oligocene sedimentary rocks of 
the Wail. 

Tcnn. 1. Sequence of abandoned meanders near Reelfoot 
Lake 

County: Lake and Obion (Tcnn.), Fulton (Ky.), and New 
Madrid (Mo.). 

Lat 36®27' N.; long 89®22' W. 

Number of photographs: 3. 

Photograph scale : 1 : 60,000. 

Focal length: 6 in. 

Date flown: Oct. 23, 1952. 

.Map rrfcrc'nco: I'.S. Gcol. Survey Tiptoiivillr and S:imbiirg 
7fj-miii quAdraiiglo:*, scale 1:24,000. 

G(rology reference: F»k, 11. X., 1944, ticologicnl investigations 



of the alluvial valley of the lower Misstasippi River: Vicks- 
burg, Mias., Misaisaippi River Comm., 78 p.; sec pi. 22, 
sheet 2, scale 1 ; 62, 500. 

Features UlustraUd {set nos. Tenn. I A-O in southeast 
comer oj photographs ). — The conspicuous meandering 
channel in the east half of photograph 1 B contains a 
2-milo-long jwnd (Fisk’s stage 5). The low curving 
ridges (scrolls) on either side of the conspicuous channel 
(south half of the same photograph) are slightly older 
channels (Fisk's stages 1-4). The scrolls adjacent and 
nearly parallel to the Mississippi River are younger 
than the channel (Fisk's stages 12-16 and 19). The 
channel (stage 5) makes an almost complete oval. In 
the north half of photograph I C it curves west and 
southwest, and in the north half of phutograpli 1 A it 
enters the photograph just east of the center of the 
north edge; it makes a 180® turn near the center of 
the phott^jraph and leaves just we.st of the center of 
the north edge. The east-w'cst-lrending scrolls within 
the oval are traces of the oldest channels sliown (Fisk’s 
stages E-J). 

Reelfoot I^ake in the south half of photograph I A 
(not in stero<>) was formecl about 1813 during the New 
Nfadrid earthquake. 

Tenn. 2. Avalanche chalea on Meant Le Conte, Great Smoky 
Moantaina 

County: Sevier and Swain. 

Ut 35*39' N.; long 83*26' W. 

Number of photograplia: 3. 

Photograph scale: 1:28,000. 

Focal length: 6 in. 

Date flown: Mar. SM), 1063. 

Map reference: U.S. Gcol. Survey Great Smoky Mountains 

National Park, Totincaaee und North Carolina (cast half), 
scale 1:02,500. 

Geolog)' reference; Hadley, J. B., and Goldsmith, Richard, 
1963, Geology of the eastern Great Smoky Mountains, North 
Carolina and Tennessee: U.S. Geol. Survey Prof. Paper 
349-B, 118 P-: geol. map (pi. 1), scale 1 :62,500. 

Features illustraied (set nos. Tenn. 2 A-C in northeast 
corner oj photographs ). — The higher parU of the moun- 
tains consist of stoep-sided ridges (slopes 20* or more) 
with narrow crests that range in altitude from about 
5,500 to 6,500 feet. Forests cover the entire area 
except for a few henth balds on higher create. The first- 
order hollows or ravines are closely spaced; the drainage 
density is high. The average annual rainfall is probably 
more than 60 inches. Avalanche scars on tlie south 
slope of Mount ('onte (narrow white bands in 
north-central part of photograph 2 B) were formed 
during a summer thunderstorm in 1951. In the area of 
the avalanches the bedrock is largely slate and phyllite; 
elsewhere the rock is chiefly metamorphosed sandstone 
with interbeclded slate, phyllite, and schist. All the 
rocks are variously folded, faulted, und metamorphosed. 
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The strike of the foliation commonly trends in a north- 
easterly direction. 

Tex. 1. Strongly folded Paleozoic rocka of the Marathon Baain 

County: Brewster. 

Lat .30“08' N.; long 103“08' W. 

Number of photographs: 3. 

Photograph scale: 1:63,330. 

Focal length: 5.2 in. 

Date flown: May 15, 1954. 

Map reference; U.8. Geol. Sur\'oy Marathon 15-min quad- 
rangle, scale 1:62,500. 

Geology reference: King, P. B., 1937, Gcolc^y of tho Marathon 
region, Texas: U.S. Gcol. Survey Prof, Paper 187, U8 p.; 
geol. map (pi. 24), scale 1:62,500. 

Featureji illustraied («cf nos. Tex. 1 A-C in souihmsi 
comer oj photographs). — A part of the Marathon Basin, 
an area of low country where (he surrounding Creta- 
ceous rocks have been stripped off to expose strongly 
folded Paleozoic rocks. The prominent narrow zigzag 
ridges are composed of novaculite and of limestone; 
the lowlands are underlain by sandstone, shale, and 
limestone. The Paleozoic rocks form close folds. The 
folds trend northeast and are overturned to the north- 
west. Tho folds arc broken by thrust faults and locally 
by many cross faults. The regional structure is beauti- 
fully shown on these photographs that are at approxi- 
mately the same scale o.s King’s geologic map. 

Tex. 2. Sierra Diablo, a tilted and faulted plateau 

County: Hudspeth and Culberson. 

Lat. 3I®17' N.; long. 104*54' W. 

Number of photographs: 3. 

Photograph scale; 1 ;43,I50. 

Focal length: 5.2 In. 

Date flown: Feb. 13, I94R. 

Map reference: U.S. Getd. Survey Van Horn sheet, scale 

1:250,000. 

Geology reference: King, P. B., 1965, Geology of Sierra Diablo 

region, Texas: U.S. Gcd. Survey Prof. Paper 480, 185 p.; 
geol. map (pi. 1), scale 1:62,500. 

FeeUures illustrated {set mys. Tex. 2 A~C in southeast 
corner oj photographs). — The Sierra Diabht or Diablo 
Plateau lies on the west side of Salt Basin, a prominent 
down-faulted block in the Sacramento section of the 
Ba-sin and Range province. These photographs show a 
part of the southern end of the plateau about 15 miles 
north of Van Horn. Drainage on the plateau is west- 
ward from (he more than 1, 000-foot escarpment that 
overlooks Salt Basin. Carboniferous or Penniari lime- 
stone unconfonnably overlies Precambrian sandstone. 
The limestone dips very gently northeastward and is 
cut by northwest-trending normal faults. Both fault 
and bedding planes can be seen in tli^e photographs. 

Tex. 3. Sinkholes on the southern High Plains 

County: Ector and Crane. 

I^t. 31*40' N.; long. 102*25' W. 



Number of photographs: 2. 

Photograph scale: 1 :63,360. 

Focal length: 5.2 in. 

Date flonm: May 3, 1954. 

Map reference: U.S. Gcol. Survey Pecos sheet, scale 1 :250,000. 

Geology reference: Hoots, H. W., 1926, Geology of a part of 
western Texas and southeastern New Mexico, with special 
reference to salt and potash: U.S. Gcol. Survey Bull. 780, p. 
33-126; gcol. map, (pi. 10), scale 1:1,000,000. 

Features iUustraied (set nos. Tex. S A-B in southwest 
comer oj photograph^. — The slightly dissected eastern 
edge of the southern High Plains or Llano Estacado is 
dotted with shallow sinkholes. Tho plains are mantled 
by up)>er Cenozoic alluvial and eolian deposits cemented 
near the surface by caliche (includes the Ogallala and 
younger formations). The underlying indurated bed- 
rock is limestone and sandstone of Cretaceous age. 
These rocks are largely concealed. The rock benches 
on the sides of shallow valleys in tho southeast quadrant 
of photograph 3 A are sandstone. 

Tex. 4. High Plains escarpment east of Lubbock 

County: Crooby. 

Lat 33*35' N.; long 101*13' W. 

Number of photographs: 2. 

Photograph scale ; 1 : 63,360. 

Focal length: 5.2 in. 

Date flown: Jan. 23, 1954. 

Map reference: U.8. Geol. Survey Lubbock sheet, scale 
1:250,000. 

Gcolog>' reference: Frye, J. C., and Leonard, A. B., 1957, 
Studies of Cenozoic geology along the eastern margin of the 
Texas High Plains, Armstrong to Howard Counties: Texas 
Univ. Bur. Econ. Geology Kept. Inv. 32, 62 p. 

Features illusiraied (««< nos. Tex, 4 northeast 

comer oj photographs). — Escarpment on the west side 
of White River (east half of photograph 4 A), a tribu- 
tary of Brazos River. Massive beds of sand cemented 
by caliche cap the plains and in many places rest 
directly on sand and gravel (Ogallala Formation of 
Pliocene age). Triassic sedimentary rocks crop out 
near White River. Badlands east of the escarpment 
have a high drainage density compared with the virtu- 
ally iindissected plains to (he west where numerous 
large shallow depres-sions are as much as half a mile 
in diameter. 

Tex. a. Dissected plateaus carved in flat-lying well-bedded 
limeatone 

County: Vai Verde, 

Lat 29*56' N.; long 101*12' W. 

Number of photographs: 2. 

Photograph scale : 1 : 46,000. 

Focal length: 6 in. 

Date flown: Apr. 24, 1950- 

Map reference: U.S. Geol. Survey Bakera Crossing 15-min 

quadranid<>, scale 1:62,500. 

Geology reference: Freeman, V. L., 1965, Geologic map of the 
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Bakers Crossing quadrangle, Val Verde County, Texas: U-8. 
Geoi. Survey Misc. Geol. Inv. Map 1-434, scale 1:62,600. 

Features illustrated {eet nos. Tex. 6 A-B in northeast 
comer of photographs). — In the southern part of the 
Edwards Plateau, ilat^lyin^ Upper Cretaceous lime* 
stones show finely banded outcrop patterns. The small 
gray-toned plateau tops in the southwest quadrant of 
photograph 5 A are capped by a thin^bedded flaggy 
Limestones (Boquillas Flags). Surrounding these flats 
are lighter toned gentle slopes that extend down to a 
conspicuous light band. These slopes are bare outcrops 
of thin* to thick-bedded limestone (Buda Limestone). 
The lower and steeper slopes, down to floors of narrow 
valleys tributary to Devils River (northeast quadrant 
of photograph 5 A), are underlain by thin- to thick- 
bedded gray limestone (Georgetown Limestone). Total 
relief is about 300 feet. 

Tex. 6. Paleosolc and Cretaceaas racks along the Pedernalea 
River 

County: Gillespio and Blanco. 

Lnt 30*14' N.; long 98*36' W. 

Number of photographa: 4. 

Photograph scale : 1 : 19,000. 

Focal length: 6 in. 

Date flown: Mar. 8, 1958. 

Map reference: U.8. Gool. Survey Cave Creek School, Rocky 

Creek, Stonewall, and Hyo 7!i-mln quadrangles, scale 1 : 24,000. 
Geology references: Bames, V. E. [1952), Geologic map of the 
Gold quadrangle, Gillespio County, Texas: Texas Uoiv. Bur. 
Econ. Geology Geol. Quad. Map (No. 9], scale 1:31,680. 
[1062], Geologic map of the Stonewall quadrangle, Gillespie 
and Kendall Counties, Texas: Texas Unlv. Bur. Econ. Geol- 
ogy Geol. Quad. Map (No. 14], scale 1:31,680. [1952], Geo- 
logic map of the North Grape Creek quadrangle, Blanco and 
Gillespie Countice, Texas; Texas Unlv. Bur. Econ. Gcolog>’ 
Geol. Quad. Map [No. 10], scale 1:31,680. 

Features illustrated (set nos. Tti. 6 A-D in northeast 
comer of photographs). — The Pedcrnalc.s River separates 
('relaceous limestones of the Edwards Plateau to the 
south fituu Prccambrian and Paleozoic rocks of the 
Central Mineral district to the north. Near the north 
edge t»f pliotogniph 6 D, granite crops out on the crest 
of a west-trending anticline. Steeply dipping beds of 
sandstone and hmcMune (Cambrian) on the south limb 
of the antif'line cross the northeast-flotnng Pcdernales 
River. Further upriver and in the beds of small tribu- 
tary streaiTts, llut-lying be<is of limestone and dolomite 
are visible in many places. The atijacont lowlands have 
a thin covering of virtually flat-lying l^ower (Vetaceons 
sand, silt, and clay, including l>eds of limestone in the 
upi>er part. Tlie Palec»z4)ic n»cks commotiiy form woodwl 
hills and pmject above the adjacent lowlands (d Oe- 
laceous rocks. 

UUh 1. Open pit at Bingham 

County: Salt Lake. 

Eat 40*32' N.; long 112*08' W. 



Number of photographa: 3. 

Photograph scale : 1 : 37,400. 

Foeallength: 6 in. 

Date flown: June 20, 1950. 

Map reference: U.8. Geol. Survey Bingham Canyon and Lark 
7H*min quadrangles, scale 1 : 24,000. 

Geology reference: Hunt, R. N., 1933, Bingham mining dis- 
trioi: Intemat. Qeol. Cong., 16th, Washingt<m, 1933, Guide- 
book 17, Excursion 2, p. 45-56. 

Features illustrated (set nos. Utah 1 A—U in southeast 
comer of photographs). — This great open pit is nearly 
1,500 feet deep and 2 miles in diameter. The ore is 
disseminated pyrile and lesser amounts of copper sul- 
fides in monzonite, qtiartzite, and limestxme. 

Utah 2. Faulted moralaes at mouth of Little Cottonwood 
Canyon 

County: Salt Lake. 

Lat 40*34' N.; long 111*48' W. 

Number of photographs: 3. 

Photograph scale : 1 : 28,000. 

Foeallength: Bin. 

Date flown: Aug. 2, 1962. 

Map reference: U.S. Geol. Survey Draper 7H-min quadrangle, 

scale 1:24,000. 

Geology reference: Richmond, G. M., 1964, Glaciation of 

Little Cottonwood and Bells Canyons, Wasatch Mountains, 
Utah: U.S. Geol. Survey Prof. Paper 454-D, p. D1-D4I; 
geol. map (pi. 1), scale 1:24,000. 

Features illustrated {set nos. Utah 8 A-(' in southeast 
corner of photographs).- \lorn,h\es of Bull Lake Glacia- 
tion form ridges on the south side of the mouth of 
Little ('ottonwtMjd ranyon (larger canyon in northeast 
quadrant of photograph 2 B) and on either side of the 
next canyon to the south — Bells Canyon — where the 
ridge fills the canyon^s mouth and encloses a small 
reservoir. The inner part of Bells (,"anyon morainic loop 
is believed by Richmond U> l>elong U> the younger 
Pinedale glatdation. Fault scarps cut the Bull Lake 
moraines north and south of Bells Canyon reservoir. 
These moraines merge westward with gravelly deltaic 
deiKisiis of Pleistocene Lake Bonneville that underlie 
a westward-sloping plain. South of Bells Canyon are 
prominent fault scarps and triangular facets on the 
mountain front. 

Utah 3. Glaciation of Little Cottonwood Canyon. Wasatch 
Mountains 

County: Salt Lake. 

Lat 40*33' N.; long 111*42' W. 

Number of photographs: 3. 

Photograph scale ; 1 : 37,400. 

Foeallength: 6 in. 

Date flown: June 30, 1950. 

Map reference: U.8. Geol. Survey Dromedary Peak 7J4-min 

quadrangle, scale 1:24,000. 

Geology reference: Richmond, G. M-, 1964, Glaciation of 

LltUe Cottonwood and Bells Canyons, Waaatch Mountains, 
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Uuh: U.8. Geol. Survey Prof. Paper 454-D, D1-D41; geol. 
map (pi. l),aoale 1:24,000. 

Feaiurts (set nos. Utah 3 A-C in southeast 

comer oj photographs). — The north side of this west- 
drainlnfi canyon has short and steep-sided tributary 
valle}rs in contrast to the prominent cirques at the 
heads of long glacial troughs that drain northward to 
the main canyon. Small loop moraines of the Pinedale 
Glaciation cross Little Cottonwood Creek south of the 
center of the north edge of photograph 3 B. The cirques 
contain rock glaciers, extensive talus mantles, and small 
lakes. Aretes and horns are conspicuous. 

Utah 4. Laadelides on Thousand Lake Mountain 

County: Wayne. 

Lai 38‘’25' N.; long 111 W W. 

Number of photographs: 4. 

Photograph scale: 1:20, (X)0. 

Focal length: 8.25 in. 

Date flown: Aug. 17, 1952. 

Map reference: U.8. Geol. Survey Torrey and Loa I5-min 

quadrangles, scale 1:63,500. 

Geology reference; Smith, J. F., Huff, L. C., Hinrichs, E. N., 
and Luedke, R. G., 1963, Geology of the (Capitol Reef ar«i, 
Wayne and Garfield Counties, Utah: U.S. Geol. Survey Prof. 
Paper 363, 102 p.; geol. map (pi. 1), scale 1 :62,500. 

Features illustrated (set nos. Utah 4 A-D in southeast 
comer oj photographs). — The mountain i.s composed of 
Cretaceous shale and sandstone capped by lava flows. 
Its upper slopes arc mantled by landslide debris. The 
elongate ridges west of (he scarp surrounding the flat 
treeless summit (photograph 4 D) are tilted, and in 
places jumbled blocks of lava have slid only short 
distances. Farther down the sloi^e to the west (south- 
west quadrant of photograph 4 A), younger landslide 
deposits have long ridges that parallel the direction of 
movement of the material dowiisloi>e between project- 
ing hiUs of bedrock. 

Uuh 5. Landslide en north slope ef Boulder Mountain 

County: Wayne. 

Lat 38®16' N.; long 111°29' W. 

Number of photographs: 2. 

Photograph scale : 1 : 20,000. 

Focal length; 8.25 in. 

Date flown: Oct. 29, 1950. 

Map reference: U.S. Gcol. Survey Torrey and Grover 15-min 

quadran^cs, scale 1:62,500. 

Geology reference: Flint, R. F., and Denny, C. S., 1058, 
Quaternary geologj- of Boulder Mountain, Aqiutrius Plateau, 
Utah: U.S. Geol. Survey Bull. 1061-D, p. 103-164; geol. map 
(pi. 6), scale 1 :63,360. See fig. 29. Smith, J. F., Jr. Huff, L. C., 
Hinrichs. E. N., and Luedke, H. G., 1963, Geology of the 
Capitol Reef area, Wayne and Garfield Counties, I'tah; U.S. 
Geol. Survey Prof. Paper 363, 102 p. ; geol. map (pi. I), scale 
1 : 62,500. 

Features illustrated (sti nos. Utah 6 A B in southeast 
comer oj photographs). — Lower part of a complex land- 



slide (west half of photograph 5 B) on the north slope 
of Boulder Mountain. The terminal part of the slide 
(northwest quadrant of same photograph) is a lobate 
earthflow that fills an older valley and has well-defined 
margins. The toe is convex downstream. Upstream and 
parallel to it are several arcuate ridges. The central part 
of the slide (southwest quadrant of photograph 5 B) 
consists of boulders and finer debris arranged in dis- 
continuous irregular ridges parallel with the margin of 
the slide. This landslide is the Coleman slide of Flint 
and Denny. The mountain summit and upp^ slopes 
are shown in Utah 6. 

Utah 6. Drift Ube aad rock glaciefs on Boulder Mountain 

County: Wayne. 

Lat 38®13' N.; long 1I1«29' W. 

Number of photographs: 3. 

Phot<^raph scale: 1 : 20,000. 

Focal length: 8.25 in. 

Date flown: Oct. 29, 1950. 

Map reference: U.8. Geol. Survey Grover 15-mln quadrangle, 

scale 1:62,500. 

Geology reference: Flint, R. F,, and Denny, C. 8., 1958, 
Quaternary geology of Boulder Mountain, Aquarius Plateau, 
Utah; U.S. Geol. Survey BuU. 1061-D. p. 103-164, flg. 25; 
geol. map, scale 1:63,360. Smith, J. F., Jr., Huff, L. C., 
Hinrichs, E. N., and Luedke, R. G., 1963, Geology of the 
Capitol Reef area, Wayne and Garfield Counties, Utah: 
U.8. Oe(rf. Survey Prof. Paper 363, 102 p., fig. 19; ged. map, 
scale 1:62,500. 

Features illustrated (set nos. Utah 6 A-C in southeast 
comer oj photographs). — An icocap on the flat top of 
Boulder Mountain (south part of photograph 6 C) 
spilled northward over the summit cliff and flowed 
northeast for a distance of about 3 miles from the cliff 
(northeast comer of photograph 6 B). The surface of 
the drift de|>osited by this ice lobe is irregular and 
hummocky, with many undrained depressions, some of 
which contain lakes. At a later time, rock glaciers 
formed along the base of the cliff. These bulbous masses 
of bouldery material show concentric ridges, particu- 
larly near the terminal margins. Boulder Mountain, a 
part of the Aquarius Plateau, is underlain by almost 
flat-lying Tertiary volcanic rocks. The plateau top is at 
an altitude of about 11,(X)0 feet. 

Utah 7. Fracture patteraa in Narajo Sandsteae of Capitol Reef 

County: Wayne. 

Lat SS^IS' N.; long W. 

Number of photographs: 2. 

Photograph scale ; 1 : 20,000. 

Focal length: 8.25 in. 

Dale flown; Oet. 20, 19M). 

Map reference; U.S. Gool. Survey Fruita 15-min quadrangle, 
scale 1:62,500. 

Gcolog}' reference: Smith, J. F., Jr., Huff, L. C., Hinriehs, 
IC. N., and Luedke. R. G., 1993, Geology of the Capitol Reef 
area, Wayne and Garfield CJounlies, Utah: U S. Ged. Sur\’ey 
Prof. Paper 363, 102 p.; geol. map, scale 1:62,500. 
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Features illustrated (set nos. Utah 7 A-B in southeast 
comer oj photographs). — North-trending fractures in 
thick beds of Navajo Sandstone forming crest of 
Capitol Reef control a conspicuous pattern of gullies 
and ravines which have almost vertical walls as much 
as several hundred feet high. The beds dip very gently 
to the east and are overlain (in northeast quadrant 
photograph 7 A) by a sequence of even-bedded siltstone, 
claystone, sandstone, and gypsum (Carmel Formation) 
that lack conspicuous joints. Some of the southeast- 
trending lineaments are along faults. The village of 
Fruits (southwest comer of photograph 7 A) is at the 
point where Fremont River enters the Reef. A high 
gravel terrace lies just to the west of the village. 

Utah 8. Capital Reef, a monocline, near Pleasant Creek 

County : Wayne. 

Lst 38'’I2' N.; long Ill'll' W. 

Number of photographs: 2. 

Photograph scale; 1:31,680. 

Focal length: 6 in. 

Date flown: July 17, 1938. 

Map reference: U.8. Geol. .Survey Notom 15-min quadrangle, 

scale 1:62,500. 

Geologj* reference; Hunt, C. B., Averitt, Paul, and Miller, 
R. L., 1053, Geology and geography of the Henry Mountains 
region, Utah: U.8. Geol. Survey Prof. Paper 228, 234 p., 
fig. 94; geol. map, scale 1:125,000. Smith, J. F., Jr., Huff, 
L. C., Hinrichs, 12. N., and Luedke, R. G-, 1963, Geology of 
the Capitol Reef area, Wayne and Garfield Counties, Utah: 
U.8. Geol. Survey Prof. Paper 363, 102 p.; geol. map, scale 
1:62,500. 

Features illustrated {set nos. Utah 8 A-B in southeast 
comer o/ photographs). — Capitol Reef is the boundary 
between the High Plateaus of Utah and the Canyon 
I.Ands sections of the Colorado Plateaus province. 
Eastward-dipping Trias-sic and Jurassic sedimentary 
rocks form an imprassive monocline more than 1,000 
feet high, locally known as a reef. The ])rominent clilT 
west of the center of the photographs is the Wingate 
.Sandstone; west of it arc 'I'riassic shale, siltstone, 
sandstone, and limestone that near the west edge of the 
photographs underlie a dip slope. The ledge above the 
Wingate dill is the Kayenta Formation. 

The white sandstone knobs and domes (east half of | 
photographs) are the Navajo Sandstone. Some of the 
domes resemble in fomi the dome of the Capitol in 
Washington, D.C., from which feature the reef takes its 
name. Conspicuous joints [)arallel the strike of the 
Navajo Sandstone and can be seen to pass under the 
overlying and unjointed Carmel Fonnation. 

Utah 9. Badlands near Sauth Caineville mesa 

County : Wnync 
l,at.38'18' X.; long 110“S7' W. 

Number of photographs; 2. 

Photograph scale : 1:31,680. 



Date flown: July 12, 1939. 

Map reference: U.S. Geol. Survey Factory Butte 15-min quad- 
rangle, scale 1 :62,500. 

Geology reference: Hunt, C. B., Averitt, Paul, and Miller, 

R. L., 1953, Geology and geography of the Henry Mountains 
region, Utah: U.S. Geol. Survey Prof. Paper 228, 234 p., fig. 
99; geol. map, scale 1:125,000. 

Features lUustraUd {set nos. Utah & A-B in northeast 
comer oj photographs). — The me&a is capped by the 
Emery Sandstone Member of the Mancos Shale; the 
badlands surrounding it are underlain by the Blue Gate 
Shale Member of the Mancos. Pediments have been 
formed between the foot of the badlands and the allu- 
vium along Sweetwater Creek (southeast quadrant of 
photograph 9 B). 

Utali 10. Gravel benclMS en file west aide of Meant Ellen 

County: Wayno and Garfield- 

Lai 38W N.; long llCSS' W. 

Number of photographs; 3. 

Photograph scale : 1 : 00,000. 

Focal length: 6 in. 

Date flown: Oct. 13, 1955. 

Map reference : U.S. Geol. Survey Salina sheet, scale 1 :250,000. 

Geology reference; Hunt, C. B., Averitt, Paul, and Miller, 
R. L., 1953, Geology and geography of the Henry Mountains 
region, Utaii: U.8. Geol. Surv’ey Prof. Paper 228, p. 192, pis. 
18 and 19, figs. 103 and 104. 

Features iUustrated {set nos. Utah !0 A-Cin southeast 
comer oj photographs). — Hunt has mapped gravel 
deposits of five different on the piedmont west of 
the Henry Mountains. In the northeast corner of pho- 
tograph 10 C is circular Table Mountain, a diorite 
porpliyry bysmalith, and the boulder-covered summit 
ridge of Mount Ellen is in the southeast quadrant of the 
same photograph. (See Hunt’s pi. 18.) The Cedar Creek 
Benches are near the center of photograph 10 C, and 
those along Dugout Creek are in the southwest quad- 
rant of the same photograph. Several recently com- 
pleted or imminent stream diversions are shown. The 
jdace where Birch Creek is in imminent danger of being 
diverted, shown in Utah 11, is in the southeast corner 
of photograph 10 A. 

[ UtaJi 11. Imminent stream diversion on nortb side of Moant 
Ellen 

County: Wayne and Garfield, 

Lat 38*13' N.; long 110*46’ W. 

Number of photographs: 3. 

Photograph scale : 1:40,000. 

Focal length: Q in. 

Date flown: Sept. 6, 1961. 

Map reference: U.S. Geol. Survey Salina sheet. 1:250,000. 
Geology reference: Hunt, C. B., Averitt, Paul, and Miller. 

R. L-, 1953, Geology and geography of the Henry Mountains 
region, Utah: U.S. Geol. Survey Prof. Paper 228, p. 192-195. 
plfl. 18 and 20, figs. 103A and 105. 
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Features illustrated (set nos. Utah It A-C in southeast 
comer of photographs). — Where streams emerge from 
the Henry Mountains onto the surrounding piedmont, 
they have steeper gradients and coarser grained bed- 
loads than their tributaries that rise on the piedmont 
and are cutting largely in shale and thin-bedded sand- 
stone. Stream piracies have occurred and others are 
imminent. In the central part of the north half of photo- 
graph 11 A are the Birch Creek Benches. (See Hunt’s 
pi. 18.) The benches are underlain by gravel deposited 
by Birch Creek that rises on the north slope of Mount 
Ellen (southwest quadrant of photograph 11 A) and 
now flows along the west edge of the benches on the 
cast rim of the headwaters of a deep valley (Jet Basin, 
northwest quadrant of same photograph). The head 
(south end) of this valley is north of and several hun- 
dred feet lower than Birch Creek where it leaves the 
mountains. Diversion of Birch Creek northwestward 
into Jet Basin at a point near the mountain front will 
require only the breaching of a narrow divide that is 
20 feet high. 

Utah 12. 8aad danes in Green River Desert 

County: Kmery. 

Ut .TS"32' N.; long U0"35' W. 

Number of photographs: 3. 

Photograph scale: 1:31, 680. 

Focal length: 6 in. 

Date flown: Oct. 20, 1938. 

Map reference: U.S. Gcol. Survey Temple Mountain 15-min 
quadrangle, scale 1 : 62,500. 

Geology reference: Hunt, C. B., Averitt, Paul, and .Milter, 
R. L., 1953, Geology and geography of the Henry Mountains 
region, Utah: U.S. Geol. Survey Prof. Paper 228, p. 175-177, 
fig. 93. 

Features illustrated (set nos. Utah 12 A-C in southeast 
comer of photographs). — Individual sand hills are 
barchans, concave in plan to leeward (northeast). The 
barchans are clustered in crescentic arcs that are 
concave to windward (southwest). Nearly straight 
ridges of sand extend southwestward from the tifis 
of each crescentic arc. The sand can be seen to bury 
an area of badlands to west of the north-south road. 
The bedrock is flat-lying Entrada Sandstone. Gibson 
Butte in the northwest corner of photograph 12 B is an 
outlier of the overlying sandstone of the Curtis 
Formation. 

Utah 13. Upheaval Dome 

County: San Juan. 

Lat 38'26' N.; long 109'>56' W. 

Number of photographs: 4. 

Photograph scale: 1:20,000. 

Focal length; 6 in. 

Date flown: .Sept. 21, 1951. 

Map reference: U.S. Gcol. Survey Upheaval Dome 15-min 
quadrangle, scale 1 : 62,500. 



Geology reference: .McKnight, E. T.. 1940, Geology of area 

between Green and Colorado Rivera, Grand and San Juan 
CounticB, Utah: U.S. Gcol. Survey Bull. 908, 147 p.; geol. 
map, pi. I, scale 1:62,500. 

Features illustrated (set nos. Utah 13 A-D in south- 
east corner of photographs). — This symmetrical struc- 
ture is clearly shown on these excellent photographs. 
The dome U expressed topographically as a circular 
lowland, about a mile in diameter, surrounded bj’ a 
high rim breached at one point by Upheaval Canyon. 
Shale, mudstone, and sandstone form small irregular 
hills in the center of the dome surrounded by a lowland 
(Moenkopi and Chinlo Formations). The rim includes 
an inner and an outer ring of massive sandstone sepa- 
rated by more shaly and thin-bedded rocks (Wingate 
Sandstone, Knycnta Sandstone, and Navajo Sand- 
stone). Steer Mesa and Holeman Spring ore on the 
south side of Upheaval Dome. 

Utah 14. CHITb gad domea In Navajo Sandstone, Zion National 
Park 

County: Washington and Kane. 

Lot 37”13' N.; long I12”55' W. 

Number of photographs: 3. 

Photograph scale : 1 : 63,360. 

Focal length: 6 in. 

Date flown: June 16, 1953. 

Map reference: U.S. Geol. Survey Zion National Park. Zion 
Canyon Section, scale 1:31,680. 

Geology reference; Gregory, H. B., 1950, Geology and geog- 
raphy of the Zion Park region, Utah and Arisons: U.S. 
Gcol. Survey Prof. Paper 220, 200 p. ; gcol. map (pi. 2), 
scale 1:125,000. 

Features illustrated (set nos. Utah 14 A-C in southeast 
comer of photographs). — Flat-lying mas.sive Jurassic 
sandstones enclose Zion Canyon (northwest quadrant 
of photograph 14 B) and Parunuweap Canyon (south 
edge of same photograph). Both these narrow canyons 
are floored with Chinle Shale. The Navajo Sandstone 
forms the canyon rim and shows conspicuous north- 
south jointing. The smoother upland away from the 
canyons b underlain by shales of the Carmel Forma- 
tion. The Great White Throne, a monolith of Navajo 
Sandstone, stands just south of the horseshoe bend 
(Big Bend) in Zion Canyon (northwest quadrant of 
photgraph 14 B). .Some of the smaller streams that 
flow in Navajo Sandstone have meanders that appear 
to be joint controlled, for example, the stream just 
southwest of the center of photograph 14 B and in the 
upper part of Parunuweap Canyon (in southeast 
quadrant). 

Utah 15. Glen Canyon Colorado River below Hite 

County: Garflcld and Ban Juan. 

Lat 37-46' N.; long 110-28' W. 

Number of photographs: 3. 

Photograph scale: 1:31,680. 
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Focal length: 6 in. 

Date flown; July 23, 1938. 

Map reference; U.8. Geol. Survey Hite 15-min quadrangle, 
scale 1:62,500. 

Geology reference; Hunt, 0. B., Averitt, Paul, and Miller, 
R. E., 1953, Geology and geography of the Henry Mountains 
region, Utah: U.8. Geol. Survey Prof. Paper 228, 234 p., 
fig- 87; geol. map, scale 1:125,000. 

Feaiureji Uluitraied {set no4. Utah 15 A-C in south 
comer of photographs). — A U-«hapod bend of the river, 
The Honi (eaet quadrant of photograph 15 B), is about 
6 miles downstream from Hite (north comer of photo- 
graph). In the center of the southwest edge of the 
photograph there is a mesa capped by dark shale of 
the Carmel Formation (Jurassic). Th^ mesa Ls about 
2,000 feet above the river. The white knobby Navajo 
Sandstone, below the Carmel, shows conspicuous 
north-south joints. The still older Kayenta Fonna- 
tion makes smooth slo|)es and ledges above prominent 
cliffs of Wingate Sandstone; three benches of Wingate 
Sandstone between The Horn and Hite show joints 
in as many different directions. A lower bench just 
above the river is held up by the Shinarump Con- 
glomerate of Triassic age. Sand bars are in the river 
at mouths of tributarie.s. 

V(. 1. Topographic grain related to atructuraJ complexity and 
glacial scour 

County: Rutland. 

I.at 43®45' N-; long 73 W W. 

Number of photographs: 3. 

Photograph scale : 1 : 20,000. 

Focal length: 8.25 in. 

Date flown: Aug. 27, 1942. 

Map reference: U.S. Gool. Sur\*ey Domoeeen, Proctor, Brandon, 
and Sudbury 7^4>min quadrangles, scale 1:24,000. 

Geology reference: Zen, E-an, 1951, Stratigraphy and structure 
at the north end of the Taconic Range in wost-eontral Vermont: 
Geol. Soc. America Bull., v. 72, no. 2, p. 293-338; gcol. map 
(pi. 1), scale 1:48,000. 

Features illustrated {set nos. Vt. I A-C in southeast 
comer of photographs). — A scries of oast-west ridge.s 
or cuestas wind across these photographs and display 
a conspicious north-south topographic grain. These 
features are related to the interaction of three factors: 
(1) a tendency for tlio planar or linear .stnictures in 
these complexly folded lower Paleozoic rocks to dip 
or plunge to the south or southeast ; (2) a second i>criod 
of folding along a north-south axis which gives the 
east-west trending formations their sinu^wity; and 
(3) glacial scour by southward-mos'ing ice. Tlie north- 
ernmost ciicsta — ju.st Si)uth of High Pond (northwest 
quadrant of photograph 1 B) — is held up by resistant 
arkase and graywarke; a second -Oanson Hill (west 
of center of same exposure) — by compact cheiiy slate; 
a leas conspicuous one just north of curving road 
(south half of same exposure) — by arkose and gray- 



wacke; and a fourth — Sargent Hill (south of curving 
road) — by quartzite. The open valley followed by the 
curving round is underlain by weak, chloritoid-bearing 
slate and phyllite. 

Ta. 1. Beeclk Grave catefT, a haaglRf entrenched meander 

County : Loc. 

Lat 36'37^ N.; long 83"16' W. 

Number of photographs; 3. 

Photograph scale : 1 : 20,000 . 

Focal length; 8.25 In. 

Date flow'n; Mar. 19, 1953. 

Map reference: U.S. Geol. Survey Back Valley and Rose Hill 
7M-mln quadrangles, scale 1 : 24,000. 

Geol(^y reference: Miller, R. L., and Broeg4, W. P., 1954, 

Geology and oil resources of the Joncsvlllc district, Lee County, 
Viiginla: U.B. Gcol. Sur\*cy Bull. 990, p. 144-150; geol. map, 
scale 1:24,000. 

Features illustrated («ef nos, Va, 1 A-C tn southeast 
corner of photographs). — The entrenched meanders of 
Powell River are bordered by slip-off slopes and lie 
in a belt parallel to the strike of generally southward- 
dipping Ordovician limestones. The floor of an aban- 
doned cut-off meander (northeast quadrant of photo- 
graph I A that encircles Beech Grove School hangs 
about 30 feet above the river. The meanders are in the 
nonchorty Hurricane Bridge Limestone where out- 
crops are abundant, and the area is largely woodland. 
North of the river, the fields arc largely in the cherty 
Martin Creek Limestone that is rarely seen in outcrop. 
Wallen Ridge (southeast comer of photograph 1 B) 
has a cap of Clinch Sandstone overlying shale and 
siltstone that fonn a steep gullied slope. 

Vn. 2. DebrU avalaneliei formed during cloudburst 

County: Augusta. 

Lat 38*^25' N.; long 79M3^ W. 

Number of photographs: 2. 

Photograph scale; 1 : 10,000. 

Focal length: 8.25 in. 

Date flown: Mar. 13, 1955. 

Map reference: U.S. Ge(4. Survey Pamaaaue IS-min quadrangle, 
scale ) : 62,500. 

Geology reference: Hack, J. T., and Goodlelt, J. C., I960, 
Geomorphology and forest ecologj' of a mountain region in 
the central Appalachians: U.S. Geol. Survey Prof. Paper .347, 
66 p. ; map, scale 1 : 31 ,680. See pi. 4. 

Features illustrated (set nos. Va. S A-B in east corner of 
photographs). — A violent cloudburst in June 1949, with 
more than 9 inches of rain in u few hours, caused many 
small <lebris avalanches that swept away the forest 
cover. The accompanying floods enlarged most channel- 
ways and in places remtived the forest from the entire 
valley floor and left bare ground. The area is one of 
steep-sided narrow valley.s where the total relief is more 
than 1,600 feet. Bedrm-k is gently dipping Devonian and 
Mississippiati sandstone and shale. 
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Va. 9. RetuidnaJ m«ngftne»e depomts io • iyndiBftl TpUey 

County : Augufta. 

Lat 37*56' N.; long 79*07' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length : 8.26 in. 

Date flown; Nov. 10, 1961. 

Map reference: U.S. Ged. Survey Vesuvius Ifl^min quadrangle, 
scale 1 : 62,500. 

Geology reference: Knechiel, M. M., 1943, Manganese deposits 
of the Lyndburst-Vesuvius district, Augusta and Rockbridge 
Counties, Virgmia; U.S. Geol. Survey Bull. 940>F, p. 190-194, 
pi. 29. 

Feature* iUuMraUd (set nos. Va. S A-B in southeast 
comer oj photographs ). — The west-sou thweeUflo wing St. 
Mary’s River near the center of photograph 3 B follows 
a deep synclinal trough at the top of the Antietam 
Quartzite of Early Cambrian age. Beds of quartzite can 
be seen to have steeper dips on the south limb of the 
syncline than on the north limb. The Tomstown (Shady) 
Dolomite of Cambrian age overlies the quartzite along 
the axis of the trough just south of the river. Because 
the dolomite itself is mostly weathered, only eJayey re- 
siduum remains. Manganese oxides have been concen- 
trated in the residuum. Two mine workings can be seen 
at east and w'^t sides of the photographs. 

Va. 4. Imminanl alraam captare near Meant Salcn 

County: Auguatn. 

I.at 38°22' N.; long TQ'Oe' W. 

Number of photographa: 2. 

Photograph aeale : 1:20, 000. 

Focal length: 8.25 in. 

Date flown: Nov. 10, 1951. 

Map reference: U.S. Geol. Survey Paniaaaua 15-min quadrangle, 
scale 1:62,500. 

Geology reference: Hack, J. T., 1060, Interpretation of croeional 
topography in humid temperate regions: Am. Jour. Sci., v. 
258- A, p. 91-92. 1065, Gcomorphology of the Shenandoah 
Valley, Virginia, and West Virginia, and origin of the residual 
ore deposits: U.8. Geol. Survey Prof. Paper 484, 84 p. 

Features Uiustrated (set nos. Va. 4 A-B in southeast 
comer of photographs ). — North River (northwest quad- 
rant of photograph 4 A) has a broad flood plain under- 
lain by sandstone cobbles and gravel that came from 
the mountains to the west (outside of area shown in 
photographs). Mossy Creek which drains northeast past 
Mount Solon (town surrounding the pond in northeast 
quadrant of photograph 4 A) flows on and heads in 
limestone bedrock and its gradient is less than North 
River. Near Mount Solon, the valley of Mossy Creek 
lies about 60 feet below that of North River. During a 
flood in 1949, North River spilled through the gap 
northwest of Mount Solon and flowed doam into .Mossy 
(’reek. A permanent diversion into such a course can 
be predicted in the near geologic future. 
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Va. 5. Eatreaeked meaadera af Ike Nartk Park Skaaaadaak 
River 

County: Shenandoah. 

Lat 38"54' N.; long 78"28' W. 

Number of photographs: 3. 

Photograph scale : 1:27, 20U . 

Focal length: 5.2 in. 

Date flown: Mar. 9, 1945. 

Map reference: 11.8. Geol. Survey Strasburg and Edinburg 

15-min quadrangles, scale 1:62,500. 

Geology reference: Hack, J. T., and Young, It. 8., 1959, 

Entrenched meanders of the North Fork of the Shenandoah 
River, Virginia: U.8. Geol. Survey Prof. Paper 354-A, 10 p. 

Features illusiratsd (set nos. Va. 5 A-C in northeast 
comer of photographs ). — These meanders near Wood- 
stock are incised 100-150 feet below the adjoining shale 
uplands. The sinuosity (distance along stream divided 
by distance down valley) attains the high value of 
3.2. The meander belt is 1~2% miles wide and is localized 
within the outcrop area of the Martinsburg Shale. The 
two parallel ridges in the southeast quadrant of photo- 
graph 5 B, which are of quartzite, form a syncline whose 
axis follows the valley between the ridges. Hack and 
Young believe that the meanders are caused by strong 
planar and prismatic structures in the Mortinsbuig 
Shale that favor northwest-southeast differential 
erosion. 

Va. 6. Daposltlaa and eroalan at Jameatown Island 

County: Januut City. 

Lot 37"13' N.; long 76“47' W. 

Number of photographs: 2. 

Photograph scale: 1:29,UOO. 

Focal length: 8.25 in. 

Date flown: Dec. 3, 1953. 

Map reference; U.8. Geol. Survey Surry 7J4-mlii quadrangle, 
scale 1:24,000, 

Geology reference; Cotter, J. L., 1958, Archeological excava- 
tions at Jamestowu, Colonial National Historical Park and 
Jamestown National Historic Site, Virginia: U.S. Natl. Park 
Hervice, Archaeol. Research 8er. 4, 299 p. 

Features iUustrated (set nos. Va. 6 A-B t» southeast 
comer of photographs ). — The site of the first permanent 
English settlement in North America (1607) is near the 
docks south of the center of photograph 6 B. A bridge 
connects the site with the mainland (northeast quad- 
rant of photograph 6 B). The site Is on a platform of 
wooded sandy ridges separated by tidal marsh and is 
adjacent to a deep cliutinel of the tidal James River. 
The sandy ridges were deposited by the river on iLs 
east side, perhaps during a late-glacial high stand of 
the sea. When the first settlement was built, Jamestown 
Island was part of the mainland, and Powhatan Creek 
that flows southwestward from northeast comer of 
photograph 6 B did not reach James River. The creek 
turned ea.stward to flow past the townsite and off the 
photographs to the cast, ria what is now Back River 
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(the Stream crossed by the bridge that joins island to 
mainland). Erosion of the east bank of the James 
River, west of the bridge, during the last *300 years 
has cut off the to\^'nsite from the mainland. 

Va. 7. Dismal Swamp and Suffolk Scarp 

County: Norfolk, Nansemond, GaU% and Cnmden. 

Lat 36"35' N.; long 76'*30' W. 

Number of photographs: 3. 

Photograph ^calc: 1:60,000. 

Focal length : 6 in. 

Date flown: Dec. 8, 11)50. 

Map reference: U.S. Cicol. Sur\’c.v Lake Dr\inunond and Suf- 
folk quadrangle?, scale 1:62,500, 

Geology reference: Oaku, R. Q., Jr, and Coch, N. K., 1963, 
Pleistocene mca levels, »outlK>a8teni Virginia; Science, v. 140, 
p. 979-983. 

Features Ulustrated {set nos. Va. 7 A-'C in souihtoest 
comer of photograpfis ) . — Lake Drummond is surrounded 
by Dismal Swamp that is underlain by 5-10 feet of 
fresh-water peat of Recent age. The peat rests on a 
complex of older Pleistocene sediments of fluvial, 
eolian, and marine origin. The east-facing Suffolk Scarp 
(west half of photograph 7 B), 10-30 feet high, was 
fashioned by the sea in the early Pleistocene and has 
been considerably dissected since that time. 

Wuk. 1, Mount Olym puo sad Ita (ludera 

County: Jefferson. 

Lat 47“48' N.; long 123“42' W. 

Number of photc^aphs: 5. 

Photograph scale : 1 : 37,400. 

Focal length: 6 in. 

Date flown: Oct. 3, 1952. 

Map reference: U.S. Geol. Sur\*ey Mount Olympus and Mount 
Tom 15-min quadrangles, scale 1:62,500. 

Geology reference: Danner, W. R., 1955, Geology of Olympic 

National Park: Seattle, WtisLington Univ. Press, 6S p. Allen, 
C. R., Kamb, W. B., Meiixs M. F., and Sharp, R. P., I960, 
Structure of the lower Blue glacier, Washington ; Jour. Geology, 
V. 68, no. 6, p. 601-625. 

Features iUmirated (set nos. Wash. 1 /l-£^tn northeast 
corner of phntwjraphs ). — Mount Olympus (near center 
of photograph 1 C) and adjacent peaks support al])ine 
glaciers; the longest are on the north side of the peaks. 
Blue Glacier, one of the most thoroughly investigated 
glaciers in the conterminous United States, heads on 
the northeast slope of Mount Olympus and follows a 
northward-curving path. Medial morainic bands, cre- 
vaa.ses, ice falls, and the approximate flrn limit on Blue 
Glacier can be seen in these photographs taken in early 
October. Y oung mmforested im»raines and older foreat- 
covered inorainal ridge.s are conspicuous down valley 
from some of the glaciers. 

Wauh. 2. Alpine glacieru on Glacier Peak 

County: Hnohomwh. 

Lat 48*07' N.; long 121*07' W. 



Number of photographs: 3. 

Photograph scale : 1 : 27,700. 

Focal length; 5.2 in. 

Date flown: Oet. 7, 1944. 

Map reference: U.S. Geol. Survey Olaoier Peak 15-min quad- 
rangle, scale 1 : 52,500. 

Features Ulustrated {set nos. lUaM. 2 A-Cin northeast 
eorrur of photographs ). — This Pleistocene to Recent 
andesitic volcano (altitude 10,541 ft) rises about 6,000 
feet above the tops of the adjacent mountains. Glaciers 
largely conceal the upper slopes of the peak except on 
its southwest side. The individual glaciers are separated 
by small ar6tes and flow in shallow* U-shaped valleys. 
The glacial dissection of the volcano, although only 
moderate, is noticeably more advanced than on Mount 
St. Helens. (See Wash. 7.) Adjacent photographs from 
this same flight strip, showing the east slope of Glacier 
Peak, constitute Wash. 3. (A. B. Ford, written 
commun., 1964). 

Wask. 3. Mudflows and glacial features ea east side of Glacier 
Peak 

County : Snohomish. 

Lat 48*07' N.; long 121*02' W. 

Number of photographs: 3. 

Photograph scale: 1:27,700. 

Focal length: 5.2 in. 

Date flown: Oct. 7, 1U64. 

Map reference: tf.S. Geol. Siir\’ey Glacier Peak l.Vmin 

quadrangle, scale 1:62,500. 

Features iUusirated {set nos. U S A-Cin northeast 
comer of photographs ). — Along the east base of Glacier 
Peak, Suialtle River (northeast quadrant of photo- 
graph 3 B) follows an earlier U-shaped glacial valley 
that has truncated spurs and hanging tributaries and 
that was partly buried by a large volcanic debris fan. 
The toe of this fan follows the west hank of the river 
The fan heads on the east slope of the volcano near the 
tree line (northwest quadrant of same photograph). 
The fan is now dissected to depths of 500-1,000 feet by 
Suiattle River and its tributaries. Immense exposures 
of the material in the debris fan along the creek on 
south side of the fan near its apex (Chocolate Creek, 
northwest quadrant of photograpli 3 B) suggest the 
presence c»f easterly dipping beds, more or less ])arallcl 
to the fan surface. Adjacent photographs from this 
same flight strip, showing the summit of Glacier Peak, 
constitute Waali. 2 (A. B. Ford, written commun., 
1964). 

Wask. 4. Ssil mounds on Mima Prairie 

County: Thurston. 

Lat 46*53' N.; long 123*03' W. 

Number of photographs: 2. 

Photograph scale : 1:37, 400. 

Focal length: 6 in. 

Date flown: July 23, 1951. 
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Map referenoe: U.8. G«ol. Survey Kocheater 15*min quad- 
ransle, scale 1:62,500. 

Geology reference: Ritchie, A. M., 1953, The eroaional ori|(in 

of the Mima Mounds of southwest Washington : Jour. Geology, 
V. 61, no. 1, p. 41-50; see pi. 3B. 

Features iUustTaUd {set nos. Wash. 4 in southeast 
comer oj photographs). — This nearly level plain about 
3 miles long and 2 miles wide is one of several prairies 
covered by conspicuous soil mounds or Mima Mounds. 
The mounds range from 10 to 70 feet in diameter and 
from a few inches to 7 feet high. They are rounded or 
oval in plan, in cross section commonly resemble a 
segment of a circle, and are compoeod of pebbly sand 
and sUt. Ritchie attributes them to the erosion of 
partially thawed ice-wedge polygons. 

WmIi. 5. Channeled acabland: Cataract in Moees Coulee 

County: Douglosa and Grant. 

Lat 47*30' N.; long 119*45' W. 

Number of photographs: 4. 

Photograph scale; 1 :73,80U. 

Focal length: 6 in. 

Date flown: Sept. 22, 1952, 

Map referenee: U.8. Geol. Survey RiUvillo sheet, scale 
1 : 250.000. 

Geology reference; Bretx, J H., 1959, Washington's channeled 
scabland; Washington Div. Mines and Geology Bull. no. 45, 
57 p. 

Features illustrated {set nos. Wash. 6 A~D in southeast 
corner oj photographs). — This great compound cataract 
(west of center of photograph 5 C) includes three 
recessional gorges that reach back upstream into a 
broad scabland tract. The cataract to the east started 
ns a double cataract whose members united to leave 
an island in the gorge below the dry falls. Bretz believes 
that all three gorges and their cataracts were contein- 
poraneous. To the north the main coulee is a gorge 
nearly 400 feet deep (northeast quadrant of photo- 
graph 5 B). 

Waah. 6. Sand dunes near Moaes Lake 

County: Grant. 

Lat 47*04' N.; long 119*22' W\ 

Number of photographs: 3. 

Photograph scale: 1 : 20,000. 

Focal length: Gin. 

Date flown: Aug. II, 1954. 

Map reference: U.S. Geol. Sur\'cy Moses Lake 15-min quad- 

rangle, scale 1:62,500. 

Features illustrated {set no«. H'dM. 6 A~C in southeast 
corner oj photographs). — Part of dune field damming 
Mosas l.ako. The dunes include both tran.sverse and 
longitudinal forms. The sand U largely bare and Is 
moving eastward up a low scaq> and across a broad 
terrace. In the .southern part of the area the depressions 
between dunes are flooded. 



Wash. 7. Debris flews en Mount St. Heleas, a Recent relcaae 

County: Skamania. 

Lat 46*12' N.;long 122*11' W. 

Number of photographs; 3. 

Photograph scale: 1 : 47,200. 

Focal length: 6 io. 

Date flown; July 28, 1952. 

Map reference: U.S. Geol. Survey Mount St. Helens and 

Spirit Lake I5*min quadrangles, scale 1:62,500. 

Ge<^ogy reference: Verhoogen, Jean, 1937, Mount St. Helens; 

a Recent Cascade volcano: California Univ., Dept. Geol. Sei. 
Bull., V. 24, p. 263-302. MuUineaux, D. R, and Crandell, 
D. U., 1962, Recent lahars from Mount St. Helens, Washing- 
ton: Geol. Soc. America Bull., v. 73, p. 865-870. 

Features illustrated {set nos. Wash. 7 A-C in southeast 
comer oj photographs). — This symmetric volcano rises 
about 6,000 feet above the surrounding bills on the 
west flank of the Cascade Range. The present cone may 
have been built during the last thousand years, and the 
small glaciers on its steep slofies have not yet cut deep 
broad valleys. The areas of sparse vegetation on the 
lower slo|>f6 of the volcano have been devastated by 
debris flows or lahars within the past century. 

Wash. 8. Channeled ecabland: Giant current ripple marks 

County: Adams. 

Lat 47*03' N.; tong 118*04' W'. 

Number of photographs: 2. 

Photograph scale : 1 : 20,000. 

Focal length; 8.25 in. 

Date flown: Aug. 28, 1950. 

Map reference: U.8. Geol. Survey Ritiville sheet, scale 

1:250,000. 

Get^ogy reference: BreU, J H., Smith, H. T. U., and Neef, 
G. K, 1956, Channeled scabland of Washington: New data 
and interpretations: Geol. Soc. America Bull., v. 67, p. 
1030 and }^. 16, fig. 2. 

Features illustrated {set nos. Wash. 8 A-B in southeast 
comer oj photographs). — A scabland channel with 
small rock basins in basalt between two small smooth 
cultivated loess-covered hills (north half of photograph 
8 A). In the south half of the same exposure are what 
Bretz describes as current ripples that have a wave- 
length of perhaps 200 feet. 

Wash. 9. Channeled scabland : Stalrcate Rapida bar 

Coimty: Adams. 

Lat 46*47' N.; long 118*17' N. 

Number of photographs; 2. 

Photograph scale : 1 : 20,000. 

Focal length: 8.25 in. 

Date flown: Aug. 20, 1950. 

Map reference: U.S. God. Survey Washtuena 15-min quad- 
rangle, scale 1 : 62,500. 

Gedogy referenoe: BreU, J H., 1959, Washington's channeled 
scabland; Washington Div. Mines and Gedog>' Bull. 45, 
67 p., fig. 27. 

Features illustrated {set nos. Wash. 9 A-B in southeast 
comer oj photographs). — On the terrace near the center 
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of photograph 9 B are east-west-trending parallel 
ridges and swales spaced 17S-3S0 feet apart. Bretz 
believes that these ridges are giant current ripple marks 
on a bar built by a south-flowing river, a part of his 
“Spokane flood.” To the east and west are loess-covered 
“Palouse” hills. 

Wash. 10. Chaaneled Kabland : Palauae River canjon 

County: Adams, Franklin, and Whitman. 

Lst 46*43' N.; long 118*14' W. 

Kumbcr of photographs: 'i. 

Photograph Bcale: 1:20,000. 

Focal length: 8.25 in. 

Dale flown: Aug. 28, 1050. 

Map reference: U.S. Gcol. Survey Starbuck, Benge, Wash- 

tuena, and Haas l5-min quadrangles, scale 1 :62,500. 

Geology reference: Brets, J H., Smith, H. T. U-, and Neff, 

G. E., 1956, Channeled seabland of Washington: New data 
and interpretations: Oeol. Boc. America Bull., v. 67, p. 
1015-1020. 

FeatureJi iilustraUd {set nos. Wash. tO A-B in southeast 
comer oj photographs). — Palouse River in the north 
half of photograph 10 6 flows westward in a broad 
open v^ey — Washtuena Coulee — -but near the west 
edge of the photograph it makes a sharp bend and 
flows south in a narrow canyon toward the Snake River. 
Bretz believes that Washtuena Coulee follows the 
preglacial course of Palouse River. Glacial flood- 
waters overtopped the bedrock divide soutli of the 
Coulee (the area shown in photograph 10 A) and at 
least 350 feet above the preglacial Palouse Valley. 
The divide area is now seabland in which the Palouse 
River has carved a 400-foot deep canyon. The paper 
cited above includes references to other interpretations 
of these features. 

Wash. 11. Channeled seabland: Glanl rl^le marks along 
Unien Flat Creek 

County: Whitman. 

Lat 46*50' N.; long 117*56' W. 

Number of photographs: 2. 

Photograph scale: 1:20,000. 

Focal length: 8.25 in. 

Date flown: 8cpt. 21, 1950. 

Map reference: U.S. Gcol. Survey La Creese 15-min quadrangle, 

scale 1:62,500. 

Geology* reference: Bretz, J H., 1959, Woaliington's channeled 

seabland: Washington Div. Mines and Geology Bull., no. 
45, 57 p. 

FtaUtres illusiratcd {set nos. Wash. 11 A-B in southeast 
comer of photographs). — Giant ripple mark.s on terraces 
along Union Flat CYeek near its junction with Palouse 
River (northwest comer of photograph 11 B). Scab- 
land on basalt forms the surrounding uplands. 

W. Va. 1. Strip mines in the Appalachian Plateaus 

County: Mingo and Pike. 

Lat 37*39' N.; long 82*11' W. 



Number of photographs: 3. 

Photograph scale: 1:31,000. 

Focal length: 6 in. 

Date flown: Mar. 16, 1957. 

Map reference: U.S. Geol. Survey Matowan 7)4-nun quad- 

rangle, scale 1:34,000. 

Geeflogy reference: Stoeo, G. W., and Ljungstodt, O. A., 1932, 
Geologic map of West Virginia: West Virginia Gcol. Survey, 
scale 1 : 500,000. 

Features Ulustraied {set nos. W. Va. 1 A-^C in southeast 
comer of photographs). — This area of steep-sidod wooded 
hills with a maximum relief of about 1,200 feet is under- 
lain by virtually flat-lying coal-bearing shale and sand- 
stone of Pennsylvanian age. The region borders on Tug 
Fork, which flows in a narrow meandering valley and 
forms the Kentucky-West Virginia boundary. Some of 
the coal bod.*^ have been extensively worked; strip 
mines contour the slopes of hills near Tug Fork. 

W, Va. 2. Chestnut Rldfe anticline near Coopera Rock 

County: Monongalia. 

Lat 39**38' N.; long 79*49' W. 

Number of photographs: 3. 

Photograph scale: 1 :31,000. 

Focal length: 6 in. 

Date flown; Apr. 12, 1056. 

Map reference: U.S. Geol. Survey Lake Lynn and Mosontown 
7H-min quadrangles, scale 1 : 24,000. 

Geology* reference: Hare, C. E., 1957, Ge<8<^' of Coopers Rock 

State Fortet and Mont Chateau State Park; Went Virginia 
Gcd. and Econ. Survey, State Park Scries Bull. 5, 26 p. 

Features Ulustraied {set nos. W. Va. 2 A-C in southeast 
corner of photograph). — Cheat River c\it» through 
Chestnut Ridge in a 1,200-foot^ieep gorge that runs 
northwest diagonally across photograph 2 B. In part of 
its course the river is known a.s I^ake Lynn, being 
dammed a few miles downstream (just north of north- 
west comer of photograph 2 A). Chestnut Ridge is an 
anticline. In the walls of the gorge the resistant sand- 
stone beds (Pottsville Series) that make the ridge can 
be seen to rise southeastward. The lower cultivated land 
to the northwest is on younger bods of shale, sandstone, 
limestone, and coal (Conemaugh Series). 

W. Va. 3. Potonac River forge near Harpers Ferry 

County: Jefferson, Ix)udoun, Washington, and Frederick. 

Lai 39*19' N.;long 77*43' W. 

Number of photographs: 4. 

Photc^raph scale : 1 : 24,000. 

Focal length: 6 in. 

Date flown: Mar. 28, 1965. 

Map reference: U.S. Gc<4. Survey Charies Towm and Horpei> 
Ferry 7^-roin quadrangles, scale 1:24,000. 

Geology* reference; Nickeben, U. P., 1956, Geology erf the Blue 
Ridge near Harpers Ferry, West Virginia: Qecrf. Soc. America 
Bull., V. 67, p. 239-270; gcol. map (pi- 1), scale 1:25,000. 

Features illustrated {set nos. W. Va. 3 A-D in north- 
east corner of photographs). Shenandoah River 
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joins the Potomac River at Harpers Ferry to flow 
eastward through the mountains by way of two water 
gaps, each about 900 feet deep. Rapids can be seen 
where resistant strata crop out on the river's bed. Blue 
Ridge (south of the junction of two rivers) and Short 
Ridge (southwest quadrant of photograph 3 D) are 
Weverton Quartzite (Cambrian); they form recumbent 
folds overturned to the northwest. Some of the indi* 
vidual quartzite beds can be seen in 0110*8 along the 
river. Meta-igneous and metasedimentary rocks of 
Precambrian age underlie the lowlands between the 
two quartzite mountains. 

Wia. 1. DminUiis and marninea of Green Bay flacier near 
Fond du Lae 

County : Fond du Lac. 

Lat 43*50' N.; Ion* 88*20' W. 

Number of photographs: 4. 

Photograph scale : 1 : 23,600. 

Focal length: 6 in. 

Date flown: Apr. 24, 1952. 

Map reference: U.S. Geol. Survey Fond du Lac 15>mtn quad- 
rangle, scale 1 ; 62, 500. 

Geologj’ reference: Aldeu, W. C., 1918, The Quaternary 

geology of southeastern Wisconeia: U.S. GcoL 8ur\’cy Prof. 
Paper 106, p. 250-256, pis. 3 and 2B. 

Features illustrated {set nos. lVi«. 1 A~D in. noriKeast 
comer oj photographs). — Roughly tlie north half of 
photograph 1 B is moraine of Green Bay glacier and 
the south half is a drumlin field. The drumlin.s are 
small, almost circular, and commonly less than half a 
mile long. Some of the larger drumlins trend southwest 
and have small south-trending knolls on their crests. 
The material is a compact calcareous clayey till. Tlie 
stones in the drift are about 91 percent local limestone 
and 9 percent Precambrian crystalline rocks. 

Wia. 2. The great Kettle Moraiae Dear CampbelUport 

County: Fond du Lac and Sheboygan. 

I>at 43*36' N.; long 88*11' W. 

Number of photographs: 4. 

Photograph Acole: 1:23,600. 

Focal length: 6 in. 

Date flown: Aih*. 30, 1952. 

Map rcfcrcnec: U.S. Geol. Sur>'oy Kewoskum 15-mU) quad- 
rangle, scale 1:62,500. 

Geology reference; Aldcn, W. C., 1918, The Quaternary geology 
of soutlK'ostern Wisconsin: U.S. Geol. Surv-ey Prof. Paper 
106, 356 p.; geol. map (pi. 3), scale 1:250,000. 

Features Utustraied {set nos. H w. B A-D in norfA^a^f 
comer oJ photographs). — These photographs show a 7- 
mile strip across the Kettle Moraine. East of the 
moraine lies a kettled outwash plain (oast half of 
photograph 2 A). To the west is a 2-mile-wide belt of 
rough kettle moraine (west half of .same exposure). 
East Branch Milwaukee River meanders on the floor 
of a broad north-south trench (center of ]>botograph 



2 C) that to the north is floored with outwash and to 
the south with swamp deposits. The moraine extends 
westward from the trench for several miles (photograph 
2 D) and includes some narrow ridges that may be 
ice-channel fillings. 

Wis. 3. The great Kettle Moraine east of Whitewater 

County: JeflTeroon and Walworth. 

Lat 42*50' N.; long 88*37' W. 

Number of photographs: 4. 

Photograph scale: 1 : 17,000. 

Focal length; 6 in. 

Date flown: Apr. 8, 1955. 

Map reference: U.S. Geol. Survey Whitewater 15-min quad- 
rangle, scale 1:62,500. 

Geology reference; Aldon, W. C., 1918, Tbo Quaternary 
geology of southeastern Wisconsin: U.S. Gool. Survey Prof. 
Paper 106, 356 p.; geol. map (pi. 3), scale 1:250,000. 

Ftaiuret illuttraUd («< no». lVi>. S A-D in northeast 
comer of photographs). — This massive interlobate 
moraine was formed between the Lake Michigan lobe 
and the Green Bay lobe of the Wisconsin ice sheet. 
The gently rolling poorly drained drift plain of the 
Green Bay lobe (photograph .3 A) is bordered on the 
east by a belt of small wooded hills 5O-1S0 feet high 
that mark the west edge of the Kettle Moraine (east 
edge of photograph 3 B). The moraine has a gently 
undulating surface pitted by iceblock holes 50-80 feet 
deep (east half of photograph 3 C). Much of the 
surface of the moraine is only slightly above that of 
the drift plain to the west. Most of the material in the 
moraine is probably gravel, sand, and clay, especially 
in its eastern part (photograph 3 D). 

W,*. I. Beartnth fault and landslide lake 

County: Hark. 

Lat 44»54' N.; long 109*20' W. 

Number of photographs: 4. 

Photograph scale : 1 : 37,400. 

Focal length: 6 in. 

Date flown: July 7. 194S. 

Map reference: U.S. Geol. Survey Deep Lake IS-min quad- 
rangle, scale 1:62,500. 

Features iliustrated (set nos. Wyo. 1 A-D in northeast 
corner oj photographs). — Deep Lake (photograph I B), 
in a canyon carved in Precambrian granite gneiss at 
the south end of the Bcartooth Mountains, is dammed 
by a landslide that is younger than the glacier that 
built the conspicuou.s moraines at the canyon’s mouth 
(east edge of photograph 1 C). The landslide debri-s 
that moved down the north wall of the canyon left a 
reentrant at the top of the slope. 

The Beartooth fault, a high-angle reverse fault, 
forms the east front of the mountains (east half of 
photograph 1 C). Precambrian rocks to the west arc 
in contact with upturned and broken Paleozoic sedi- 
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mentary rocks to the east. Another landslide mantles 
the mountain front just south of the moraines (W. G. 
Pierce, written common., 1954). 

Wyo. 2. Cody terrace, Skoahone Rirer 

County: Pork. 

Lat 44*31' N-; long 109*03' W. 

Number of photographa: 2. 

Photograph scale: 1 :37,400. 

Focal length: G in. 

Date flown: July 7 , 194S. 

Map reference: U.8. Survey Cod}' 16>min quadrangle, 

scale 1:62,500. 

Cicology reference: Mackiu, J. H., 1937, Krosionol history of 

the Dig Horn Basin, Wyoming: Gcol. Soc. America Bull., 
V. 48, no. 6, p. 813-893. Moss, J. H., and BoninE, W, £,, 1961, 
Seismic evidence supporting a new interpretation of the Cody 
Terrace near Cody, Wyoming: Geol. Soc. America Bull,, 
V. 72, p. 547-556, Pierce, W. G., find .\ndrewg, D. A., 1941, 
Geology and oil and coal resources of the region south of 
Cody, Park County, Wyoming: U.S. Geol. Survey Bull. 
921-B, p. 99-180; geol. map (pi. 11). scale 1 :63,360. 

Features illustrated (set nos, Wyo. 2 A~B in northeast 
comer oj yhoiograph.^. — Cody is on a gravel terrace or 
flight of steps ranging from 120 to 190 feet above the 
river (Cody terrace); another broad plain lice about 80 
feet above the Cody level (Powell terrace). Mackin 
holds that these are rock-cut terraces, whereas Mt»ss and 
Bonini postulate an alluvial origin. The hogbacks south 
of the terraces are thin sandstone beds separated by 
thick shale unih» on the northeast limb of an anticline 
whose axis trends northwestward across the southwest 
quadrant of photograph 2 B. The prominent hogback 
that ends at the center of the west side of photograph 
2 A is sandstone of the Cloverly Formation of Creta- 
ceous age. The Permian and Triassic Chugwater 
Formation Ls exposed in the center of the anticline. 

Wyo. 3. Piracy of Greyball River aear Borlington 

County: Dig Hon]. 

Lat 44*27' N.; long 108*27' W. 

Number of photographs: 2. 

Pbotc^aph scale; 1 :57,900. 

Focal length: 6 in. 

Date flown: Aug. 23, 1954. 

Map reference: U.8. Geol. Survey YU Bench NB. and Burling- 
ton 714-mEn quadrangles, scale 1:24,000. 

Geology reference: Mackin, J. H., 1936, The capture of the 

GreybuU Kiver: Am. Jour. Sci., 5th oer., v. 31, p. 373-385. 
Uobinove, C. J., and Langford, R. H., 1963, Oedogy and 
ground-water rc 80 urcf« of the GreybuU River-Dry Creek 
area, Wyoming; U.8. Geol. Surv'ey Water-Supply Paper 
1596, 88 p.; see pi. 1 and figs, 6 and 7. 

Features illustrated (set nos. Wyo. 8 A-B in northeast 
corner oj photographs). — The flood plain of the GreybuU 
River (south half of photograph 3 B) slopes eastward 
on the south side «if Tnble Mountain (east-central part 
of same photograph). The broad mesa (Emblem Bench) 



that slopes gently northeast through the center of 
photograph 3 A is the remnant of an ancient flood plain 
of GreybuU River that lay on the north side of Table 
Mountain. While the river flowed north of the moun- 
tain, a smaU stream worked headward (west) in soft 
rocks at a lower elevation south of the mountain. 
GreybuU River abandoned its gravel-covered flood 
plain to the north — Emblem Bench — and was diverted 
southward into the lower channel south of the mountain. 
A part of the bench and of the GreybuU River flood 
plain are shown at a larger scale in Wyo. 4. 

Wyo. 4. Emblom Bench and GreybuU River flood plain 

County: Big Horn. 

Lat 44*28' N.; long 108*29' W. 

Number of photographs: 3. 

Photograph scale; 1 :23,600. 

Focal length: Gin. 

Date flown: Aug. 6, 1948. 

Map reference: U.8. Geol. Survey YU Bench NE. and Burling- 

ton 7H-min quadrangles, scale 1 : 24,000. 

Geology reference; Mackin, J. H., 1936, The capture of the 
GreybuU River; Am. Jour. Sci., 5th ser., v. 31, p. 373-385. 
Robinove, C. J., and Langford, R. H., 1963, Gec^ogy and 
ground-water resources of the GreybuU River-Dry Creek 
area, Wyoming: U.8. Geol. Survey Water-Supply Paper 
1590, 88 P-; see pi. I. 

Features illustraled (set nos. Wyo. 4 A-C in northeast 
comer oj photographs). — This gravel-covered bench be- 
tween Dry Creek and the flood plain of GreybuU 
River includes at least two levels; its eastern part i» 
irrigated. The surface of the bench, which marks an 
abandoned course of GreybuU River, is smooth com- 
pared with the surface of the younger terraces. The 
flood plain of the river show's abandoned channels and 
meander scars. These photographs .show* in more detail 
a part of the area that is included in Wyo. 3. 

Wyo. 5. Devils Tower and Belle Fourcbe River 

County; Crook. 

Lat 44*33' N.; long 104*43' W. 

Number of photographs: 2. 

Photograph scale : 1 : 28,400. 

Focal length: 6 in. 

Date flown: Sept. 15, 1953. 

Map reference; U.S. Gcol. Survey I>cvlU Tower and Oshoto 
15-min quadrangles, scale 1:62,500. 

Geologj' reference: Robinson, C. S., 1956, Geology of Devils 

Tower National Monument, Wyoming: U.S. Gcol. 8ur\'cy 
Bull. 1021-1, p. 289-302; giM>l. map (pi. 30), scale 1:4,800. 

Ftatures illtistraUd (set nos. Wyo. S A-B in northeast 
comer oj photographs). — Devils Tower is a steep-sided 
shaft of igneous rock that ha.s vertical columnar 
jointing and that rises about 700 feet above the sur- 
rounding hills. At the base of the Tower is an apron 
of talus and landslide material that rests on flat-ljring 
beds of sandstone, shale, and gypsum of Jurassic ago. 
The Belle Kourchc River meanders across a half-mile- 
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wide flood plain. The flood plain itself also has a 
meandering course and is incised about 200 feet below 
the adjacent hilltops. 

Wya. e. Circle Rldfe Done 

County: Fremont. 

Let 43*32' X.; long 109'‘04' W. 

Number of pbotograpbs: 3. 

Photograph scale: 1:23,000. 

Focal length: 0 in. 

Date flown: Oct. 22, 1043. 

Map reference: U.S. Gcol. Survey Thcrmopolis shoot, scale 

1:250,000. 

Geology reference: Andrews, D. A., 1944, Geologic and struc- 
ture contour map of the Maverick .Springs area, Fremont 
County, Wyoming: U.S. Gcol. .Survey Oil and Gas Inv. 
Prelim. Map 13. 

Features illustrated (set nos. Wyo, 6 A-C in southeast 
comer oj photographs ). — This asymmetrical dome 
(photograph 6 B), which has nearly vertical beds on 
its southwest flank and gentler dips on its northeast 
side, has a central lowland underlain by Triassic shale 
and sandstone (Chugwater Formation) surrounded by 
outward-dipping sandstone ridges separated by shale 
units, largely of Jurassic age (Morrison and Sundance 
Formations). The beds of the northwe6t.-plunging 
terminus of the dome are faulted. Most of the streams 
draining the dome follow strike valleys around the 
central lowland and flow outward across the resistant 
beds only near the south end of the anticline. 

Wyo. 7. Liltlo Dome 

County: Fremont. 

Lat 43*25' N.; long 108*62' W. 

Number of photographs: 2. 

Photograph scale: 1:23,600. 

Focal length: Gin. 

Date flown: Oct. 20, 1948. 

Map reference: U.S. Gcol. Survey Thcrmopolis sheet, scale 

1 : 250,000. 

Geology reference: Andrews, 1), A., 1944, Geologic and struc- 

ture contour map of the Maverick Springs area, Fremont 
County, Wyoming: U.B. Gcol. Survey Oil and Gas Inv. 
Prelim. Map 13. 

Features illustrated {set no*. U’yo. 7 A-B in southeast 
comer oj photographs ), — A small area of Jurassic rocks 
is exposed in the center of this elongate dome that is 
largely outward-dipping Cretaceous beds composed of 
shale and some sandstone. The beds are tightly folded 
along the southeast-plunging anticlinal axis. The 
lowlands around the dome are underlain by Cody Shale 
that is largely concealed by alluvium and terrace 
deposits. 



Wyo. 8. Piaodftio moralaeo aroand Bonlder Lake 

County: Sublette. 

Lat 42*60' N.; long 109*40' W. 

Number of photographs: 4. 

Photograph scale : 1 : 60,300. 

Focal length: 6 in. 

Date flown: June 21, 1054. 

Map referonoe: U.S. Gcc^. Survey Lander sheet, scale 
scale 1:250,000. 

Geology reference: Holmes, G. W'., and Mom, J. II., 1955, 
Pleistocene geology of the southwestern Wind River Moun- 
tain*, Wyoming: Ged. Soc. America Bull., v. 66, p. 629-654; 
sec pis. 2 and 3. 

Features illustrated (set nos. Wyo, 8 A-D in northeast 
comer oj photographs ). — A spectacular display of 
moraines svurounds Boulder Lake. The moraines ter- 
minate in a broad outwasb apron. They lie on and are 
derived in large part from weak clay and sand of 
Tertiary age. The moraines end abruptly where they 
pa.ss onto the Procambrian igneous and rnotamorphic 
rocks of the southwestern part of the Wind River 
Mountains. 

Wyo. 9. AnticllBes near Little Medicine Bow River 

County: Carbon, 

Lat 41*58' N.; long 106*16' W'. 

Number of photographs: 3. 

Photograph scale ; i : 27,700. 

Focal length; 6.1 in. 

Date flown: June 14, 1947. 

Map reference: U.S. Ged. Survey Saddleback Hills and Como 
Ridge 15-min quadrangles, scale 1:62,500. 

Geology reference: Dobbin, C. E., Bowen, C. F., and Hoots, 

H. W., 1929, Gcolog>' and coal and dl rcaoureos of the Hanna 
and Carbon basins, Carbon County, Wryoming: U.B. Geol. 
S«r\'py Bull. 804, HS p.; ged. map (pi. 27), scale 1 :62,500. 

Features illustrated (set nos. Wyo. 9 A-C in southeast 
comer oj photographs ). — The long narrow* doubly 
plunging anticline (near center of photograph 9 O) 
lias a sandstone core surrounded by shale formations. 
Most of photograph 9 B is a westward-plunging anti- 
cline with a core of Precambrian crystalline rocks 
surrounded by outward-dipping sandstone cuestas 
separated by shale units. Just west of the Procambrian 
core (Pine Butte) the sedimentary rocks ore locally 
broken by faults. Many of the individual cueslas show- 
distinctive patterns of gullies and are offset by small 
cross faults. The large valleys are in shale, and 
rivers have meandering courses except where 
streams pass through or close to sandstone beds. 
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A DESCRIPTIVE CATALOG OF SELECTED AERIAL PHOTOGRAPHS OF GEOLOGIC 
FEATURES IN AREAS OUTSIDE THE UNITED STATES 



Assembled by Charles R. Warren, Dwight L. Schmidt, 
Charles S. Dennt, and William J. Dale 



INTRODUCTION 

The U.S. Geological Survey has selected and 
assembled 67 sets of aerial pbotogra|)bs that illustrate 
a variety of geologic features in Antarctica, South 
and Central America, the southwest Pacific, Iran, 
Japan, the Arabian Peninsula, Pakistan, and mainland 
China. Contact prints of the photographs composing 
these sets are available for purchase. Sets of |)hoto- 
graphs of geologic features in the United States and 
Puerto Rico are listed in a separate catalog (Denny, 
C. S., and others, 1968, A descriptive catalog of selected 
aerial photographs of geologic features in the United 
States : U.S. Geol. Survey Prof. Paper 590) . 

Each set described here consists of one to five photo- 
graphs. Most sets except those of Antarctica consist 
of vertical photographs and provide stereoscopic 
coverage. Most of the Antarctic sets are single oblique 
photographs taken as part of the U.S. Antarctic 
Research Program sponsored by the National Science 
Foundation. The photographs hove been selectetl from 
pictures submitted by Geological Survey geologists 
and from other sources. 

This catalog gives, for each set of photograplis, the 
location, the scale of the photography, and a brief 
description of the features illustrated; the location is 
also shown on an accompanying map (pi. 1). For 
many of the sets, a reference is given to a to[K)graphic 
map that covers the area shown and to a geologic map 



or report that describes it. The first photograph (photo- 
graph A) of each set is also reproduced at a reduced 
scale at the end of the report. The catalog is set 
up on a gec^aphic ba-sis; the 67 sets are listed alpha- 
betically by country or region. An index to the various 
geologic features and to the areas shown in the photo- 
graphs is included. 

HOW TO ORDER PHOTOGRAPHS 

The photographs listed in this catalog can be ordered 
from the Map Information Office, U.S. Geological 
Survey, General Services Administration Building, 
Washington, D.C. 20242. Each order should give the 
locality name and number — for example, Antarctica 7, 
Bikini 2, Iran 5. No further identification is neces-sary. 
An order blank is included in the pocket of this publi- 
cation. Also included in the pocket is a form to be used 
in ordering any geologic or topographic, maps produced 
by the Geological .Survey and referred to in this publi- 
cation. Prepayment is required, and the amount of 
remittance, made by check or money order payable 
to the U.S. Geological Survey, will depend upon the 
number of prints and maps ordered. Tlic prices are 
subject to change, but the following prices for 9- by 
9-inch contact prints, in effect at the time of publica- 
tion, will serve as a guide to the purchaser: 1 to 5 
prints, $I each; 6 to 100 prints, 90 cents each; more 
than 100 prints, 70 cents each. 

1 
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Antarctica I. East side of S«n(lnel Range and Edith Ronne Ice I 
Shelf I 

Area: Sentinel Range. 

Lat 78®2(K S.; long S4* W. 

Xwmber of photographs: I. 

Photogniph scale (foreground): About 1:35.000. j 

Focal length; 6 in. 

Date flown: Dec. 15, 1959. 

Map reference: U.8. Ocol. Surx'ey Vinson Massif and Newcomer 
Glacier sheets, Antarctica, 1962, scale I ; 250,900. 

(tcology n'ference: Craddock, Campbell, and Webers, G. F., 
1964, Fossils from the Ellsworth Mountains, Antarctica: 
Nature, v. 20, p. 174-175. 

Featuns — Looking north-northwest along 

the east edge of the Sentinel Range (left) and an arm of 
the Edith Ronne Ice Shelf (right) toward Ellsworth 
Lund (skyline). The relief on the east side of the range 
is only several hundred iTteters in contrast to several 
thousand meters on the west side. (See Aniaretiea 2.) 
Ice from within the range flows eastward into the Ronne 
drainage system whoso flow is toward the viewer. The 
local ICC streams from the mountains retain their 
identity on the ire shelf for many tens of miles down- 
stream. 

This eikstcrn edge of the range is coin|K)se<i of folded 
slate, quurtr^ite, and grayAvarke; the youngest strata 
contain a glossopterid flora of Permian age. Older 
Paleozoic meta.s<Klimentary rocks underlie other parts 
of the range. 

Antarctica 2. Mlle-higli escarpment on west side of Sentinel 
Range 

Area: Sentinel Range. 

Lat 78®25' S. ; long fiO® W, 

Number of photographs; 1. 

Photograph scale (foreground): About 1:20,000. 

Focal length; 6 In. 

Date flown; Dec. 15, 1959. 

Mop reference: U.S. Geol. Survey Vinson Mawif sheet. Ant- 
arctica, 1962. scale 1:250,000. 

Geology reference: Cra<ldock, (’umpbell, Anderson, i. J., and 
\Vcb<‘rs, G, F., 1)W4. G<>ologic outline of the Ellsworth .Moiin- 
laitu*. in Adic, It. J., ctl., Antarctic gi-ology; New York. John 
Wiley and Sons. p. 155-170. 

Featurra I.ookiiif; north from the west ' 

flank of the \ insoii Mirssif f,,ff rijjlit foreground) aloiift 
the sheer west front of the S<Mitinel Kange toward 
R-lIsworlh Land (skyline). Knnii the west-fm int; escarp- 1 



ment at altitudes of about 4,000-5,000 meters, the crest 
of the range declines ea-stward to about 500 meters. 
West of the range, the plateau ire flows northward away 
from the viewer. Mount Tyree, altitude 4,965 meters, 
is the highest peak in the photograph (top center). 
Deformed quartzites of Paleozoic age nmlerlic the west 
escarpment and moat of the visible mountain.s. 

Aatarctica 3. Deformed quarlzile in weat face of Mount Tjree, 
Sentinel Range 

Area; Sentinel Range. 

Lat 78®25' S.; long Rfl® W. 

Number of photographs: 1. 

Photograph scale (forcgrouml) : About 1 : 16,000. 

Focal length: 0 in. 

Date flown: Dec. 15, 1959. 

Map reference: U.S. Gool. Sur\'oy Vinaon .MaaHif nheel, Aiit- 
arclicn, UW2, scale 1:250,000. 

Geology reference: (?raddock, ('ampbell, .Anderson, J. J., and 
Webers, (5. F., 1964, Geologic outline of Ihc Ellsworth Moun- 
tains. tn Adie, R. J., cd., Antarctic geology: New York, John 
Wiley anil Sons, p. 155-170. 

Features illustrated. — I^toking east over Mount Tyree, 
altitude 4,965 meters, across the 50-kilometer-wide 
Sentinel Range to the Edith Ronne Shelf. Mount Tyree 
is part of the mile-high escarpment that forms the west 
side of the range wliose summits dccrea.se in height 
eastward to only a few hundred meters. Ice drains from 
areas of local accumulation within the range to the 
Edith Ronne Ire Shelf. Mount Tyree is composed of 
Crashsite Quartzite, a well-bedded metnsandstone of 
Paleozoic age. Sharp folds and crenulations, joint sets, 
and faults ore visible on the mountain fare. Younger 
Paleozoic formations underlie the east side of the range. 

Antarctica 4. Scott Glacier and polar ice idateau. Queen Maud 
Mountains 

Area: Queen Maud Mountains, 
laat 86® S.; long 161® W. 

Number of photographs: 1. 

Photograph scale (fon^groiind): .About 1 :45,4KK). 

Focal length: 6 in. 

Dale flown; Dec. 9, 1900. 

.Map reference: U.S. Geol. Sur\cy Nilmm Plalrau sheet, Anl- 
arctirn. 1967, scale l:250,(KHK Am. ticog. Soc.. Antarctica. 
118)5. scale 1:5,(HMUMH). 

thtilogy r«*f(Trnce: <«ould. L. .\l., 1935. Slnictiire of the Queen 
Maud Mountains, .Atiinretica: tieol. Soc. ArntTiru Bull. v. 46, 
p. 973 983. Duufiiuiii, G. .A,, and Minshew, V. 11., lltCA, 
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Genera! Rcology of ihc Mount Weaver area, Queen Maud 
Mountains, Antarctica, in Hadley, J. B., ed., Geology and 
paleontology of the Antarctic: Am. Geophys. Union Antarctic 
Research Scr. v. 6, p. 127-144. 

Features illustrated . — looking south up Scott Glacier 
to the )>olar ice plateau, altitude about 3,000 meters, 
oil skyline. This rapidly moving outlet glacier drains 
from the plateau ice sheet through the Queen Maud 
Mountains to the Ross Ice Shelf (off photograph to 
right). Snow covers much of the inten.sely crevassed 
ice stream, although median shear zones along the joins 
of various tributary glaciers are not sufficiently covered 
to completely obliterate the underlying rough ice 
surface. The glacially eroded, pyramid-shaped moun- 
tains in the foreground and middle distance arc under- 
lain by deformed quartzite, slate, schist, and gneiss 
and by intrusive granitic rock, all of probable late 
Precambrian and early Paleozoic age. The broud-top[>ed 
mountains (right and left background) are underlain 
by flat-lying sandstone of Devonian(?) to Permian age 
and contain thick dolerite sills of probable Jurassic 
age. The sandstone and dolerite dip gently southward 
(away from viewer) and unconformably overlie the 
older rocks. 

Anlarcllca 5. Flow lines and crerssses near head of Shocklelon 
GIscler, Queen Maud Mountains 

.Area: Queen Maud Mountains. 

Ut 85° 8.; long 177" W. 

Xumber of photographs: t. 

Photograph scale (foreground): About 1:45,000. 

Focal length: 6 In. 

Date flown: Nov. 25, 1960. 

Map reference: U.S. (Icol. Surs'cy Shuekleton (llacier and Liv 
Glacier sheets. Antarctica, 1967, scale 1:250,000. 

Geology reference: Gould, L. M., 1035, Structure of the Queen 
Maud Mountains, Antarctica: Geol. Soc. America Bull., v. 46, 
p. 973-983. Wade, F. A., Yeats, V. L., Everett, J. It., Greenlee, 
D. W., La Prade, K. E., and Shenk, J. C.. 1965, Geology of 
the central portion of the Queen .Maud Range, Transnntarctic 
Mountains: Science, v. 150, p. IHtlfi-lHOO. 

Features illustrated . — Looking south-southwest up 
Shsckleton Glacier to polar ice plateau (left skyline) 
and Dominion Range (right skyline) at head of Heard- 
tnoro Glacier. .Shackleton Glacier has an intensely 
crevassed surface that is typical of such rapidly moving 
outlet glaciers. The many flow lines are median shear 
zones between ice of the many tributary glaciers and 
that of the main stream. The lenticular disruption 
of the main ice stream (left center) is caused by a buried 
rock muss that splits the main rlmnncl beneath the 
surface ice. Disruptions of flow lines downstream 
(center) are structures within the ice that are exposed 
at the surface by ablution. The surface pattern has 
been further modified by local melting and freezing. 



Plat-ljnng strata of the Beacon Group (dark gray), 
here of Devonian to Permian age, and sills of Kerrar 
Dolerite (black) of Jurassic age form broad tabular 
mountains so typical of the interior side of the Trans- 
antarelie Mountains. The horizontal strata in the 
mountain in the right foreground are underlain by 
melasedimentary or granitic rocks of late Precambrian 
and early Paleozoic age. 

Antarctica 6. Moraines on Plunkct Point between Beardmore 
and Mill Glaciers, Queen Mnnd Mountains 

.Aren: Queen Maud Mountains. 

Lat 85" 8.; long 167° E. 

Number of pbotographs: 1. 

Photograpb scale (foreground); About 1:30,000. 

Focal length: 6 in. 

Date flown: Nov, 17, 1960. 

Map reference: F.S. Geol. Survey, Plunket Point and The 
Cloudmaker sheets, Antarctica, 1967, scale 1 : 250,000. 

Geology reference: Oliver, R. L., 1964, Geological observations 
at Plunket Point, Beardmore Glacier in Adie, R. J., ed., 
Antarctic geology: New York, John Wiley and Sons, p. 
248-258. Grindley, G. W., McGregor, V. R., and Walcott, R. I., 
1964, Outline of the geology of the Nimrod-Boardmorc-Azel 
Ilcilx'rg Glaciers region, Ross Dependency, in Adie, U. J., ed., 
Antarctic geology: New York, John Wiley and Sons. p. 
206-219. 

Features illustrated . — Isooking northeast down Board- 
more Glacier (left) from Plunket Point (center) to 
the Commonwealth Range (skyline). Mill Glacier 
(middle right) joins the Beardmore below Plunket 
Point. These two outlet glaciers drain from the polar- 
ice plateau (behind the viewer). .Surface ablation 
strongly accentuates the crevasses and flow lines. The 
median shear zone downglacier from Plunkct Point and 
the two parallel shear zones along the left side of Plunket 
Point contain many small frozen lakes caused by intense 
ablation. 

Plunket Point is covered with drift. Parallel reces- 
sional moraines, ice-marginal channels, and kaincs and 
kettles are conspicuous. Patterned ground is well 
developed on the lower slopes. A small ice tongue 
(right foreground) has left recessional moraines on 
the adjacent valley sides. 

The Beacon Group, here of Devonian to Permian 
age, and intrusive sills of Fcrrar Dolerite of .Jurassic 
age underlie the massive tiihular mountains across 
Mill Glacier and downglacier on the cast side of the 
Beardmore Glacier. 

Aninrclica 7. Icc-covcred slopes of mountains near the lower 
Beardmore Glacier 

.Area: Holland Range. 

Ijit 8.; long 167° E. 

Number of photographs: 1. 

Photograph scale (foreground): Alionl 1:25,000. 
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Focal length: 6 in. 

Date flown: Xov. 6, 1060. 

Map referencca: U.S. Geol. Suiwey, Mount Elicabetli and Mount 
Kalmt eheetM, Antarctica 10&6, luul The Cluutlmaker and 
Buckley lahind eheeis, Antarctica 1967, wah’ 1 : 2.50,000. 
Geology reference: Grlndley, G. VV., 106.3. Geology of the 
Queen Alexandra Range, Beardmore Glacier, Antarctica: 
New Zealand Jour. Gedogy and Geophyaica, v. 6, no. 3, 
p. 307-347. 

Feature!: illnsiraied . — Looking southwest across the 
Hewitt Glacier (foreground) and sheer ice slopes of 
the Holland Range (middle) to the Bowden Ndvfi 
fback center). The Bowden drains to the left 

down a rough ice fall of the I.<ennox-King Glacier 
(upper left). Beyond is the Grindley Plateau (left 
skyline) and the high peak of Mount Kirkpatrick 
(4.S2S inoters) in the Queen Alc.xandra Range. To the 
right over Mount Miller (4,160 meters) i.s the Piince 
Andrew Plateau (right background) of the Queen 
Elizabeth Range. 

The slopes of the Holland Range are being vigorously 
eroded by ice. Some small glaciers are fed by locid 
icecaps, as in the middle ground, whereas some of 
the ridge and cirque ice is nourished entirely by .snow 
accumulation upon the slojtes. The broad liat-bipiied 
mountains and plateaus in the bac.kgrmmil are under- 
lain by flat-lying strata of the Beacon Group, here of 
Devonian to Tria-ssic age and inlrudctl by sills of 
Jurassic dolerite. In the up|>cr Alexandra Range, abun- 
dant flat-lying flood basalts of Jura.ssic age moke the 
top of the sedimentary section. 

Anlarctlca 8. CrcTasscs and acracs on B)Td Glacier, Britannia 
Ranfr 

Area: Britannia Bango, 

Ut 80®I5' S.jlong ISS” E. 

Number of photographs: I. 

Photograph scale (foreground); About 1:25»000. 

Focal length: G in. 

Date flouTi: Nov. 14, 1956. 

Map reference: U.S. Oeol. Survey Mount Olympus and Cape 
Sell)ome sheeta, Antarctica, 1906, scale 1:250,000. 

Geology reference: Swithinbank, C. W. M., 1963. Ice movement 
of valley glaciers flowing into the Kosh Ice Hhelf, Antarctica: 
Science, v. 141, no. 35S0, p, 523-524. Haskell, T. H., Kennctt, 
J. P., and Prebble, W. .M., 11^, Uaaement and sedimentary 
geology of the Darwin (ilacicr area, tn Adie, H. J., od., AnU 
arctic geology: New York, John Wiley and Sons, p. 34H-it5!. 

Feaiuret illustrated. lA)oking west up Byrd Glacier 
along the south flank of Brituimia Range (right) to 
the polar ice plateau. Byrd Glacier has the fasicwt rate 
of flow of any mcasurcrl glacier in Antarctica; its 
surface ntovement is slightly le.ss than 2.5 meters per 
day. 'I'lie strong surface line.s arc median shear zones 
between main-stream ice ami tributary ice. These zones 
arc readily disceniible on the photograph despite cx- 
tremel.v abundant crevasses and scrucs. 



FEATURES OUTSIDE UNITED STATES 

The hills to the right of the glacier are granitic rocks 
of probable early Paleozoic age imconformably over- 
lain by flat-lying strata of the Beacon Group of late 
Paleozoic age (center and right skyline). Intrusive sills 
of the Ferrar Dolerite of probable Jurassic ago 
occur in the section. 

Antarctica 9. Glacier tongue and sea ice near Okuma Bay, 
Rooa lee Shelf 

Arc*: Edward VII Peniiutula. 

Lat 77“30' S.; long 156* W. 

Number of photographs: 1. 

Photograph scale (foreground) : About 1 : 7,000. 

Focal length; 6 in. 

Date flown: Oct. 25, 1961. 

Map reference: U.S. God. Survey Saunders CoasuMarie Byrd 
Land, Antarctica Sketch Map. 1968, scale 1:500,000. .\ni. 
(•cog. Soc., Antarctica, 1965. acalc 1:5,000,000. 

Geology reference: Gould, L. M., 1949, Glaciers of Antarctica: 
Am. Philos. Soc. l*roc., v. S2, no, 5, p. 836-860. 

Features illaidraled . — fjooking southea.st across the 
mouth and floating icc longue of an unnamed glacier 
draining the low-lying ice-covered west coast of Edward 
VII Peninsula (baekground). In many resjwcts this 
14-kilometer-wide tongue resembles the harrier front 
of the nearby Ro.s.s fee Shelf which is about 30 meters 
high and moves 1-2 meters per daj', The broad longi- 
tudinal swales (backcenter) are hinge-line depressions 
that roughly parallel the coast line and are formed by 
tidal action. At and near the ice front, a secondary .set 
of hinge linos result in sharjdy crevossed domes. Several 
small icebergs (upper right), detached from the glacier 
front, are frozen in the sea ic®. This photograph, 
token in the spring, shows the breaking up of l-yearH>ld 
sea ice (light gray). In some of the o|)®nings, new' ice 
(dark gray) has fonuod during intermittent periods 
of cold. 

Aniarclics 10. Ice dcrormtilon on Ross Icc Shelf tl Ross Island 

Area: Ross Island. 

Lat -~°ba 8.; long 167'’ E. 

Number of photographs; I. 

Photograph scale; 1:2,500. 

Focal length: 6 in. 

Date flown; Feb. 15, I960. 

Map reference: U.S. Ged. Survey Ross Island sheet, Antarctica, 
1965, scale 1:250,000. 

Geology reference: llochstein, ,M. P., 1967, Pressure ridges of 
the McMurdo Ice Shelf near Scott Base, Antarctica: New 
Zealand Jour. Geology and CJeophysics, v, 10, no. 4. p. 1165- 
1 168. Heine, A. J., 1907. Tltr McMurdo Ice Shelf, Antarctica : 
N'en- Zealand Jour. Geology and Geophysics, v. 10. no. 2. 
p. 474 478. 

Features illustrated {set no. Antareiica 10 in soitM 
corner of photoijraph ) . — En echelon anticlines and 
syncliiies in floating ice (north comer) liave an average 
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wavelength of 60 meters. The undulations terminate 
against thrust faults where the ice is grounded on shore 
of Ross Island (shadow of island in west comer). The 
faults are delineated hy jagged pres-sure ridges (center 
to south corner). Deformation occurs along a /.one less 
than 1 kilometer wide by about 2 kilometers long (see 
Antarctica 12) where the floating Ross Ice Shelf (main 
shelf to east) presses against Ross Island. Ix>cal ice 
moventent is to west-southwest. Tensional crevasse 
patterns are seen along the crests of the anticlines. 
Scott Base (New Zealand) is Just off the photograph to i 
the southwest. Scale is indicated by vehicular road with 
one vehicle near the midpoint. Several dozen Weddell 
seals, maske<l in shadow, and seal tracks are visible 
among the pressure ridges. 

AnlarcUca 11. Craters of .Moant Erebus, Ross Island 

Aren: Ross Island. 

Lat 77“30' 8.; long 197» E. 

Number of photographs: 1. 

Photograph scale (foreground) : About 1 ; 30,000. 

Focal length; 6 in. 

Date flown: Nov. 22, 1060. 

Map reference: U.S. (lool. Survey Uos.s Island aiul Mount Dis- 
covery sheets, Antarctica, 1965, scale 1:250,000. 
tleology reference: Smith, W, C., 19.54, The volcanic rocks of 
the Iloss Archipelago: British Antarctic (Term .Vom) Exped., 
1910, Nat. History Kept.. Geology, v. 2, no. 1, 107 p. 

Features illustrated . — Looking south over the 3,794- 
meter summit of Mount Erebus, the best known 
active volcano in Antarctica. A faint plume of steam is 
rising from one of the two summit craters. The modern 
summit cones fill an older, larger crater. In the fore- 
ground is the rim of a still older and larger crater. 
Hut Point Peninsula, extending south from Erebus, 
has McMurdo Station (United States) on its southern 
tip. Ross Island consists of basalt, trachyte, and 
“kenyte” of Cenozoic age. 

To the right is McMurdo Sound covered mostly 
with 1-year-old sea ice. To the left is the Ross Ice 
Shelf. The floating Erebus Glacier tongue with char- 
acterislic saw-toothed edges extends westward (right) 
into McMurdo Sound from the base of Hut Point 
Peninsula. 

Antarctica 12. WillUma Airdeld, hlcMurdo Sfntion. and Hut 
Point Penlnsnln. Konn Lslnnd 

.\rea: Rocn Island. 

Lat 77 “50' 8,: long 167“ E. 

Number uf photographs: 1. 

Photograph scale (foreground): .-tlHnit 1:30,000. 

Focal length: 6 in. 

Date flown: Nov. 14, 1959. 

Map reference; U.S. Geol. Survey Ross IslamI Sheet, Antarc- 
tica, 1965, scale 1 : 250,000. 
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Geology reference: Smith, \V. C., 19.54, The volcanic rocks of 
the Roes Archipelago: British Antarctic (Terra A'oea) Exped., 
1910, Nut. History Kept., tleology, v. 2, no, i, 107 p. 

Features illustrated . — Looking north-northeast acro,sB 
McMunlo Sound (foreground and left) to Ross Island 
where Mount Erebus looms on the skyline. Erebus, 
a stratiform volcano, is the best known active volcano 
on the Antarctic continent — a thin plume of .steam 
rises from its 3,794-meter summit. .Mount Terror (right 
skyline), 3,262 meters, and Mount Bird (left back- 
ground), 1,766 meters, are also stratiform volcanoes. 
McMunlo Station (United States) at the landward 
end of the roadway (center of photograph), is on the 
southern tip of Hut Point Peninsula. Volcanic rocks 
of Cenozoic age (basalt, trachyte, and “kenyte”) 
underlie the whole of Ross Island. 

Williams Airfield (left foreground), used from 1956 
to 1961, is on old sea ice about 12 meters thick. The 
scalloped north-facing edge (foreground) of this ice 
adjoins 1- to several-year-old sea ice, probably less 
than 5 meters thick, covering .McMurdo Sound. Bar- 
rier ice of the Ross Ice Shelf (right middle ground) 
presses against the southern end of Hut Point Penin- 
sula adjacent to Scott Base (New Zealand) and forms 
anticlines and synclincs (pressure ridges, see Antarc- 
tica 10). A typically saw'-toothed floating glacial tongue 
extends westward into McMurdo Sound from the base 
of Hut Point Peninsula. 

Antarctica 13. Crevoanes in floating tongue of Koettlitx Glocier 
at head of McMurdo Sound 

Area; Victoria Land. 

Lai 78*10' S.; long 1&4® E. 

Number of photographs; 1. 

Photograph scale (foreground): About 1:30,000. 

Focal length: 6 in. 

Dale flown: Dec. 19, 1957. 

Map reference: U.S. Geol. Survey Mount Discovery sheet, 
Antarctica, 1905, scale 1:250,000. 

Geology rtrferenee: Blank, H. U., Cooper, R. A., Wheeler, R. H., 
and Willis, I. A. G., 1963, (icology of the KoeUlitz*Bluc 
Glacier Region. Southern Victoria Land, Antarctica: Royal 
8oc. New Zealand Trans., v. 2, no. 5, p. 79-100. Gunn, B. M., 
and Warren, Guyon, 1962, Gcologj* of Victoria Land between 
the Mawson and Mulock Glaciers, Antarctica: New Zealand 
Geol. Survey Bull. 71, 157 p. 

Featureji illustrated . — Looking west-southwest across 
I lower Knettlitz Glacier and adjacent ice-free foothills 
I to the Royal Society Range (center and right skyline). 
■Mount Lister (right) is 4,025 meters high, and sharp- 
penked Mount Huggins (left of center) U 3,733 meters 
high. Koottlitz Glacier, which originates within the 
Royal Society Range (upper left), floats on the waters 
of McMurdo Sound from Hcald Island (left of center) 
to foreground. The surface of the ice is extremely 
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rough because of ablation which is aggravated by 
windblown dust (dark areas) that accumulates on the 
surface. Etching by ablation accentuates rectilinear 
crevasse pattern, typical of floating ice tongues and 
tidal action. On the valley walls, morainal ridges mark 
higher levels of Koettlitz Glacier. These moraines can 
be traced up the adjacent dry valleys such as Miors 
alley (right midground), where the Koettlitz morainal 
ridges extend up the tributary valley to the ice-covered 
Lake Miers. The summit of the range consists of fiat- 
lying strata of the Beacon Group, liero of Devonian to 
Permian age, intruded by sills of Ferrar Dolerite 
(black) of Jtirassic age. The lower hills below the 
escarpment are metasodimentary ami granitic rocks of 
probable late Precambrian and Cambrian age. 

Antarelica 14. Dry ralleys of the Koettlitz Glacier area, 
Victoria Land 

Area: Victoria I.«nd. 

Lai 78® 8.; long 164® E. 

Number of photographs: 1. 

Photograph scale (foreground): About 1:30,000. 

Focal length: 6 in. 

Date flown: Dec. 6, 1956. 

Map reference: tJ.S. Geol. Survey Mount Discovery sheet, 
.Antarctica, 1965, scale 1:250,000. 

CiRoiogj’ references; Blank, TI. R., Cooper, U. A., Wheeler, U. H., 
and Willis, I. A. G., 1963, Geology of the Koettlitz-Blue 
Glacier Region, Southern Victoria Land, Antarctica: Royal 
Soe. New Zealand Trans,, v. 2, no. 5, p. 79-100, Gunn, B. M., 
and Warren, Guyon, 1962, Geology of Victoria Land between 
the Maw&on and Mulock Glaciers, Antarctica: New Zealand 
Geol. Survey Bull. 71, 157 p. 

Fe<Unrt« iihistraUd . — Looking west-southwest across 
the foothills of Koettlitz Valley (near sea level) to 
the high escarpment of the Royal Society Range. 
Mount I.ister, altitude 4,025 meters, is on skyline 
just to the right of center. A short tongue of the 
Koettlitz Glacier (left foreground) extends westward 
up the Garwood Valley. The surface of this tongue 
is oxceediugly rough, because of ablation which is 
intensified by a partial cover of dust (black stipple) 
blown onto the ice from the adjacent expo.sed rock. 
Concentric recessional moraines (black) on the valley 
fioor indicate that a tongue of the Koettlitz Glacier 
once extended at least 8 kilometers up Garwood Valley. 
The modem ice tongue dams the ephemeral drainage 
of Garwood dry valley (middle ground) and forms 
a serpentine, ice-covered lake. In the upper part of 
this dry valley, the expanded-foot Garw(K)d Glacier 
(middle right) blocks upvalley drainage and forms 
ice-covered (Vlleen Lake. Schist, marble, gneiss, and 
granitic rocks of possible ('umbrian or late Precambrian 
age underlie the hills in the foreground. The escarpment 
of the Royal Society Range consists of flat-lying 



strata of the Beacon Group and Ferrar Dolerite sills 
re.sting iinconformably on crystalline rocks. 

Antarctica IS. Polar ice itlaleiu and upper parts ot Tarlor and 
Ferrar Cllaciers, Victoria Land 

Area; Victoria Land. 

Lot 78“ S.; iong 160“ E. 

Xuinher of photographs; 1. 

Photograph scale (foreground) : About 1 : 15,000. 

Focal length: 6 in. 

Dale flown: Dec. 22, 1958. 

Map reference: U.S. Geol. Survey Taylor Glacier sheet. Ant- 
arctica, 1965 scale 1 : 250,000. 

Geology reference: Gunn, B. -M., and Warren, Guyon, 1962, 
Geology of Victoria Land betw'een the Mawson and Mulock 
Glaciers, Antarctica: New Zealand Geol. Survey Bull. 71, 157 
p. Ilainiltun, Warren, and Hayes, P. T., 1963, Type seetioD 
of the Beacon Sandstone of Antarctica: U.S. Geol. Survey 
Prof. Paper 4S6-.A, 18 p. 

Features illustrated . — Looking northea.st from edge of 
polar ice plateau to Ross Sea with Mount Erebus, 
altitude 3,794 meters, on skyline to right. Beyond 
Beacon dry valley (upper center) arc the Kukri Hills 
(upper right) between the Ferrar Glacier to the right 
and the Taylor Glacier to the left. Flat-lying bed.s of 
the Beacon Group (gray), here of Devonian to Per- 
mian age, and .sills of Ferrar Dolerite of Jura.s.sic age are 
exjMjsed in Beacon \'alley. Metasedimentary schist and 
gneiss and granitic rocks of probable late Precambrian 
and early Paleozoic age underlie the Kukri Hills and 
adjacent mountains, 

Antarctica 16. Ferrar Glacier. Kukri Hills, and Taylor Valley 
across edge of MeMurdo Sonnd. 

Area: Victoria Land, 

Lai 77“40' 8.; long 163“ E. 

Number of photographs: 1. 

Photograph scale (foreground) : -About 1 : 30,900. 

Focal length: 6 in. 

Dale flown: Dec. 19, 1957. 

Map reference: U.S. Geol. Survey Ross Island and Taylor 
Glacier sheeta, .Antarctica, 1965, scale 1:250,000. 

Geology reference: Gunn. B- M., and Warren, Guyon. 1962, 
Geology of Victoria Land between the Mawson and Mulock 
Glaciers, Antarctica: New Zealand Geol. Sulvey Bull. 71, 157 
p. .Angino, E. E., Turner, M. D., and Zeller, E. J.. 1962. 
Reconnaiasanee geology of Lower Taylor Valley, Victoria 
Land, Antarctica: Geol. Soe. America Bull. v. 73, p. 1.553'. 
1562. 

Features illuslrated . — Looking southwest along ilu> 
Kukri Hills (center) toward the polar ice pl.itenii 
(skyline). Taylor Valley, a typical dry valley, on the 
northwest side of the Kukri Hills extends for 32 kilo- 
meters to the terminus of Taylor Glacier. Ferrar 
Glai ier on the sontheast side of the hills is a tyi>ical 
valley glacier about 5 kilometers wide which flows 100 
kilometers from the polar ice plateau. Small highland 
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ice slieets in the Aspard Range (right, middle ground) 
nourish two expanded-foot glaciers, Coniiiionwealth 
Glacier fto right) and Canada Glacier (center), on the 
valley floor. Much of the drainage in Taylor drj' valley 
is to frozen Lake Fryxell (up valley from Commonwealth 
Glacier) and to frozen Lake Chad (up valley from 
Canada Glacier) because a glacial tongue from 
^fc^fu^do Sound formerly occupied the valley. 

Dii.st, blomi downvalley, accentuates cracks in the 
sea ice on McMmdo Sound (foreground) and outlines 
indi%ddual floes of pack ice that are frozen into slightly 
younger sea ice (right foreground). 

Metasedimentary and granitic rocks of probable late 
Precarnbrian and early Paleozoic age underlie the 
rugged mountainous terrain in the middle ground. Flat- 
lying strata of the Beacon Group and Ferrar Dolerite 
form most of the broad-topped mountains in the 
background. 

Antarctica 17. Lower Tailor Glacier and Lake Bonney in Taylor 
Valley. Victoria Land 

Area: Victoria Land. 

Lat 77'4S' S.; long I62°30’ E. 

Number of pbutographe : 1. 

Photograph scale (foreground) : About 1 ; 40,000. 

Foeal length: C in. 

Date flown: Nov. 7, 1959. 

Map reference: U.S. Geol, Survey Taylor Glacier ami Ross 
Island sheets, Antarctica, 1955, scale 1:250,000. 
t ieology reference: Angino, E. E., Turner, .\l. D., and Stelier, 
E. J., 1952, Reconnaissance geology of lower Taylor Valley, 
Victoria laind, Antarctica: Geoi. Soc. America Bidl., v. 73, 
p. 15.53-1552. Gunn, B. M., and Warren, Guyon, 1952, 
geology of Victoria latnd between the Muwson and Mulock 
Glaciers, Antarctica: New Zealand Geol. Survey Bull. 71, 
1.57 p. 

Ffaturm i/fuafrafed.— Looking west-southwest up 
Taylor Valley from near sen level to the polar ice 
plateau at 2,000-2,500 meters on skyline. Permanently 
ice-covered Lake Bonney (center) at terminus of Taylor 
Glacier is a saliiie-slratifled lake with basal warm- 
water layers. Ixycal glaciers flow into the dry valley 
from banging tributary vallejs in the Kukri Hills (left 
middle) and the Asgard Range (right). The Ferrar 
Glacier is to the left of the Kukri Hills. .M etnscdiinen- 
tnry and granitic rocks of probable late Preciimbrian 
and early Paleozoic age tmderlic Taylor Valley tind 
adjacent mountains. LampropbjTe dikes cut granitic 
rocks in sharply defined fracture sets in the left fore- 
ground. The black splotches on the valley floor here 
and further southwest are small hu.saltic cinder cones 
and flows that are younger tliuii llic oldest moruiiics. 
'Taylor diy valley has a vulley-iii-valley form. The 



broad glacial valley is older than the basalt cones and 
flows, whereas an inner glacial valley, presently occu- 
pied in its iip]icr part by the snout of the Taylor 
Glacier, is younger than the ba-snlt. At the head of 
the low cr Taylor Valley where the Taylor Glacier makes 
its last sharp abrupt bend, a black subhorizontal 
dolerite sill cuts the steep granitic valley sides. Upvnlley 
from this area, most of the exposed rocks are flat-lying 
sandstones and arkose.s of the Beacon Group, here of 
Devonian to Permian age, that arc cut by many 
dolerite sills of probable Jurassic age. 

Antarclica 15. Commonwealth Glacier, an expanded-foot glacier. 
Tailor Vallei, Victoria Land 

•Area: Victoria Land. 

Lat 77“35' S.; long 163°1S' E. 

Number of photographs: 1. 

Photograph scale (foreground); About 1:15,000. 

Foeal length: 6 in. 

Date flow'n: Jnn. I, 1958. 

Map rolercncc: U.S. Geol. Survey Ross Island sheet, Antarctica, 
1955, scale 1:250,000. 

Geology reference: Angino, E. E., Turner, M. D., and Zeller, 
E. J., 1962, ReeonnaLssance geology of Lower Taylor Valley, 
Victoria Land, Antarctica; Geol. Soc, America Bull. 73, 
p. 1553-1552. Gunn, B. M., and Warren, Guyon, 1952, 
Geology of Victoria Land between the Muwson and Mulock 
Glaciers, Antarctica: New Zealand Geol. Survey Bull. 71, 157 p. 

Fealures lY/uafraW.— Looking northwest across Taylor 
Valley to the terminus of Commonwealth Glacier which 
is fed by a local ire sheet in the eastern foothills (mid- 
ground) of the .\sgard Range. Beyond are the Ross 
Sen (upper right) and peaks of the Prince .\lbert Moun- 
tains (background). Commonwealth Glacier is an e.x- 
panded-foot glacier with vortical terminal walls about 
10 meters high. The relations of the faintly visible 
concentric layers and of the radial extension joints, 
which are crevas-ses deeply etched by ubiation and by 
ephemeral melt water, to the curv ature of the terminus 
imply a dynamic state of at least approximate equi- 
librium. The alisencc of c.xces.sive morainal debris at the 
terminus suggests growth rather than recession. How- 
ever, growth may he only slight because the disiribularv 
melt-water channels are apparently well adjusted to 
the present position of the ice front. Drift, with polyg- 
onal patterned surface, that mantles the Taylor Valley 
floor is derived from a main-valley glacier that flowed 
upvalley from McMiirdo Sound, less than 1 mile to the 
right; hence ilrainagc on the valley fl<K>r is upvalley. 
Lateral moraines related to this upvalley glaciation, are 
visible on the valley side. Metasetlimcnlarj" and granitic 
roi ks of probable late Prccambriaii and early Paleozoic- 
age arc cxpo.sed on the valley side. 
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Antarclica 19. Onyx River and leed^overed Lake Vanda. Wrifht 
Valley, Victoria Land 

Area: Victoria I>and. 

Lat 77 W 8.; long 1G2^ E. 

Number of photographs: 1. 

Photograph muile (foreground): About 1 
Fo«il length: 6 in. 

Date flown: Nov. 7, 1959. 

Map rjrference: U.S. Gcol. Survey Ro«« Island and Taylor 
Glacier sboeta, Antarctica, 1995 scale I: 250,000. 

Geology reference: McKdvey B. C., and Webb, P. N., 1902, 
Geology of Wright Valley, pt. 3 of Geological inve.«iignlion» in 
.southern Victoria Land, Antarctica: New Zealand Jour. Geol- 
ogy and (ieophysics, v. 5, no. I, p. I4.VI02. Gunn, B. M., and 
Warren, Guyon, 1962, Geology of Victoria Land between the 
Mawson and Mulock Glaciers, .Antarctica: New* Zealand Gcol. 
Survey Bull. 71, 157 p- 

Features illustraUd. — Looking: southwest up Wright 
Valley from near sea level to the polar ice plateau 
at 2,000-2,500 meters on skyline. The ephemeral 
Onyx River drains south 35 kilometers up the dry 
valley to permanently ice-covered Lake V'aiida (upper 
center). In center foreground the river flows through 
a recessional moraine of south-flowing Wright Lower 
Glacier that i.s beneatli the camera. The Asgard Range 
(left) is tlic sotirce of several local glaciers that ter- 
minate in Wright dry vallo}’. These glaciers have char- 
acteristic stcep-walled snouts. Gneiss and granodiorite 
of early Paleozoic age cut by lamprophyre dikes (about 
parallel to trend of valley) underlie Wright Valley. The 
terminus of Wright Upper Glacier rests on a structural 
bench underlain by a thick resistant sill of Ferrar 
Dolerite of Jurassic age. This sill is at the unconformity 
between the crj'stalline rocks and the overlying Beacon 
Group, here of Devonian and Permian age, 

Antarctica 20. Moraines and patterned ground near Bull Pass. 
Wright Valley, Victoria Land 

Area: Victoria I,and. 

Lat 77 "30' 8.; long 162" E. 

Number of photographs: I. 

Photograph scale (foreground): About 1:10, OCX). 

Focal length: 6 in. 

Date flown: Jan. 1, 1956. 

Map refereiico: U.8. Geol. Sur\'ey Taylor Glacier sheet, Antarc- 
tica, 1965, scale 1 : 250,000. 

Geology reference: McKclvey, B. C’., and Webb, P. N., 1962, 
Geology of Wright Valley, pt. 3 of Geological investigations in 
southern Victoria I..and, Antarctica: New Zealand Jour. 
Geology and Geophysics, v. .5, no. 1, p. 14.3-1G3. 

Features Uh(«tmt€d , — Looking north from Wright 
V'alloy into the Olympus Range. The broad valley in 
center and left ba<'kgromid is Bull 1'a.s.s which hangs 
nearly 3(X) meters above the floor of Wright Volley. 
Bull Pass contains morainal debris, small frozen lakes, i 
ami several kamc.s where two streams debouch into ^ 
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the vaUey from the east (right). The streaked west 
(left) slope of the pass suggests solifluction. The ephem- 
eral Onyx River (foreground) on the AVright Volley 
floor flows west (left) up valley. An alluvial fan is being 
built below the mouth of the pa.ss. Polygonal grotind 
U especially visible in moist alluvium (right foreground). 
The valley wall is composed of granitic rocks of probable 
early Paleozoic age, which are cut by steeply dipping 
lamprophyre dikes, joints, and small faults that are 
differentially etched by erosion. The ragged dark-gruy 
edge at the lip of Bull Pass is a dolerite sill of Jura.ssic 
age that vnis the granitic rock (light gray). Tl»e full 
thickness of the sill can be seen to the right. 

Antarctica 21. Floating tongue of Campbell Glacier la Terra 
Nova Bay. Victoria Land 

Area: Victoria Land. 

Lai 74"30' S.jlong 165" E. 

Number of phutographs; 1. 

Photograph ocalc (foreground): About 1:40,090. 

Focal length: 6 in. 

Date flown: Oet. 11, 1960. 

Map reference: l^.S. Gcol. Survey Mount Melbourne sheet. 

Antarctica, 1968, waJo l;2.^0,(X>0. 

Geology reference: Richer, J. F., 1964. Outline of the geology 
betwK'n MawM>n and Prio»tly GlackT!<, Victoria Land, in Adic. 
It. J., ed., Antarctic geology: New York, John Wiley and 
Sona, p. 265-275. 

FfaturfM illustrated. — I.#ooking west across Terra 
Nova Bay to the 20-kilometer-long floating longue of 
Campl>©ll Glacier surrounded by l-year-old sea ice. 
Flat-lying basalt flo%\*s and dolerite sills of probable 
Jurassic age form the plateau of Mount Nansen (in 
background) in front of which lies Priestley Glacier 
that extends from right skyline downward and to left 
across the photograph. Basalt flows and tuffs of Ceno- 
zoic age underlie most of the low-lying hills in the 
middle ground. 

Antarctica 22. Priestley Glacier and polar ice plateau near 
Terra Nora Bay, Victoria Land 

.Area: Victoria Land. 

Lat 74*30' S.; long 163*30' E. 

Number of photographs: 1. 

Photograph iicalc (foreground): Alxait 1:45,000. 

Focal length: 6 in. 

Date flown: Dec. 6, 1961. 

Map reference: U.S. Geol. Survey Mount Melbourne sheet, 
Antarctica, 1968, ?«cale 1:250,000. 

Geolcaiy reference: Richer, J. F., 1964. Outline of the geology 
betww'n MnwKin and Priestley (JIaciers, Victoria Land, tn Adie. 
R. J. ed., Aiitnrcllc g«*ology; Now York, John W'iley and Sons, 
p. 265 275. 

Fealiirfr: HhiKtraleil. — Ij.oking south across edge of n 
siimll higidiiiid ice sheet to Priestley Glacier. Terra 
N'ovn Buy and Ross .Sea are in upper left. Windablatioii 
moats (us much as 31) meters deep) surround small 
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nunataks in left foreground. Basalt flows and tuffs of 
Cenozoic age underlie (he foothills on either side of 
Priestley Glacier. The plateau in the right background, 
Mount Nansen (2,700 meters high), is underlain by 
about 1,200 meters of flat-lying basalt flows, inter- 
bedded sandstone, and dolerite sills of probable Jurassic 
age. Granitic rock of probable early Paleozoic ago 
makes up the foothills below (he scarp. The polar ice 
plateau, at an altitude of about 1,800 meters, lies 
beyond Mount Nansen on the right skyline. 

Antarellea 2i. Aretea, matterhorns. and U-aliaped Tallera near 
Trafalfar Glacier, Admiralty Mounlainfi. northern Victoria 
Land 

Area: Admiralty .Mountains. 

Lat 73®30' 8.; lonR K. 

Number of photographs: 1. 

Photograph scale (foreground): about 1:30,000. 

Focal length: 6 in. 

Date flown; Nov. 4, 1060. 

.Map reference: U.8. Ocol. Survey Northern Victoria Land, 
.Antarctica Sketch .Map, 1068, scale 1:500.000. Am. Cicog. 
Hoc., Antarctica, 1065, scale 1:5,000,000. 

Cicology reference; Harrington, H. J., Wood, B. L., McKellar, 
I. C., and Lonsen, G. J., 1067, Topography and geology of the 
Cape Hallet district, Victoria I.,and, Antarctica; New Zealand 
Geol. Survey Bull. 80, 00 p. Le C'outeur, P. C., and Lcitch, 
E. C., 1964, Preliminary report on the geology of an area 
southwest of upper Tucker Glacier, northern Victoria Land; in 
Adie, H. J., cd., Antarctic Geology: New York, John Wiley and 
Son®, p. 220-236, 

Features Ubistrateil . — Looking north-northeast across 
the Trafalgar (left and center) and Tucker Glaciers 
(middle) to the rugged Admiralty Mountains (back- 
ground). The Ross Sea is behind the black pyramid of 
Mount Herschol, altitude 3, .335 meters, on the upper 
right. Mount Minto is the highest peak (altitude 
4,163 meters) just to left of center skyline. The presence 
of matterhorns, steep .slopes, and U-shaped valleys 
indicates \Tgorous glacial erosion. 

Granitic rock of Paleozoic age underlies the rough 
blocky rock surfaces in the center foreground. Ix)w- 
grade metasediment ary slate and graywacke of the 
Robertson Bay Formation of probable late ftei'ambian 
age underlie most of the rest of the terrain. The meta- 
sedimentary rocks arc intensely folded about north- 
west-trending axes nearly parallel to the trend of the 
Tucker Glacier. 

Antarctica 24. Glaciers of the Adiairail, Mountains on edge of 
ice-corered Robertson Bay. norlhorn Victoria Land 

Area: Admiralty .Mountains, 
tail TIW S.; long 170° E. 

Xuintjcr of photograplis: I. 

Photograph scale (foreground); Almiit 1:50,IXH). 

Focal length: 6 in. 

I>ate flown: Nov. 2, l9tH. 



Map reference: U.S. Geol. Survey Northern Victoria Land, 
.AnUtrctica Sketch Map, 1968, scale 1:500,000, Am. Gcog. 
Soc., Antarctica, 1965, scale 1:5,000,000. 

Geology reference: Harrington, II, J., Wood, B, L.. McKellar, 
I. C-, and Lensen, ti. J., 1067, Topography and geology of 
the Capo Hallett district, Victoria l.and, Antarctica: New 
Zealand Geol. Survey Bull. HO, 1*9 p. Itastall, It. H., and 
Priestley, It. E., I9'J1, The slate graywacke formation of 
Hobertson Bay: British Antarctic (^‘Terra Nova") Exped., 
1910, Nat. History Dept., Geology, v. 1, no. 4, p. 121-128. 

Features illustrated. — Looking south-southwest across 
Robertson Bay and the icebound shore of the Pacific 
Ocean to the Admiralty Mountains, which rise to an 
altitude of 4,000 meters. Cape Adare is just off the 
photograph to the left, and Cape Hallett is to the 
up|>er left (below skyline). U-shaped valleys 600-1,000 
meters deep, aretes, and horns indicate vigorous erosion 
by valley glaciers in the mountains. The Dugdale 
Glacier with its jagged floating ice tongue is left of 
center, and the sinuous Ommanney Glacier is to the 
right. One-year-old sea ice (gray) covers Robertson 
Bay, and north-northwest-trending sastrugi (light-gray 
streaks) on the buy ice are parallel to the length of 
the bay. 

Low-grade metasedimentarj’ slate and graywacke of 
the Robertson Bay Formation of probable late Pre- 
cambrian age underlie the mountains. These rocks are 
intensely folded about northwest-trending axes nearly 
parallel to the shoreline in the middle ground. Volcanic 
rocks of Cenozoic age underlie must of the mountain 
on the right end of the shoreline os well as Cape Hallett. 

Bikini 1. Atrukiiji Island and adjoining rcofs, Bikini Atoll 

Area: Aimkiiji Island. 

Lat il°3r N.; long t05°25' E. 

Number of pliotographa: 3, 

Photograph scale: 1:5,000. 

Focal length; 24 in. 

Date flown: Unknown. 

Map reference: Chart 2 in geology reference, scale 1:50,000. 
Geology reference; Emery, K. O., Tracey, J. I., Jr, and Ladd, 
H.8., 19.54, Geology of Bikini and nearby atolls: U.S. Geol. 
Survey Prof. Paper 260-.A, p. 1-264. Sec pi. 15, flg. 2. 

Features illustrated {set nos. Bikini 1 A-C in south- 
west corner oj photographs. Photographs trimmed from 9- 
by 18-ineh size). — The channeled seaward edge of the 
platform of Bikini Atoll is visible through several tens 
of feet of water near the south edges of photographs. 
The fringing reef at the breaker line has an irregular 
“combtooth” margin, unlike the reef on the lagoon- 
ward (north) side. The water of the lagoon is much 
quieter than the rough water of the open sea, even 
though whiteeaps arc present. 

Waves have washed sand toward the lagoon in the 
pass between Airukiiji Island (photograph 1 B) and 
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Ainikirant Island (southwest quadrant photo^aph 1 ' 
A); the broad pass cast of Ainikiiji is Enyij ('hanncl 
(photograph 1 C). A stand of coconut palms, identified 
by the stellate pattern and open canopy, contr»istH with 
surrounding woods and brush covering most of the 
island. 

Bikini 2. Storm'damafed coral reef, Knirik Island. Bikini Aloli I 

Arm: Knirik Island. 

Lat irao' N.; Ioiir IG5”20' K. 

Number of photographn; 4. 

Photograph Kcair: l:ri,000. 

Focal length: 24 in. 

Date flown: Unknown. 

Map rrfcrrnco: Plato 2 in gmlogv' roforoncc. 
fioo’ogy rpfrm.ee: Kmory, K. ()., Tracoy. J. I., Jr., and Ladd, 
II. H., 1054, (it'ology of Bikini and nrnrby atolla, Pnrt 1, 
Cii'ology: U.S. (Jeol. Sur>oy I*rof. Paper 260-A. p. I-2G4. 
See to t fig?*. S and 0 and fig. 4 of pi. 13, taken from north- 
west tiundrnnt of photograph 3. 

FeaturfA iUuAtrated (sef «<». Bikini S A-/J in south- 
west corner of phofoffrapks. Pkotographj* trimmed Jrom 9- 
by IS-uich Mse).— Knirik Island and adjoining reef, at 
southernmost point of Bikini Atoll. Southeast of island, 
the reef has long, narrow, suhcqttal reentrants (“comb- 
tooth” pattern, ty|)e II-B-2, of Emery and othen*), 
but on iM)uthwest side the reef has large irregular re- 
entrants (ty|>e II-B-1; photographs A and B). The 
large reentrants are the. result of erosion by stonn 
wave*. Altliough area is on lee side of atoll in relation 
to prevailing trade winds (note wave pattern at sea 
and breaker pattern on reefs), reef is orcasioiially bat- 
tered by severe storm waves from south. BIo< ks thrown 
up onto reef by storm waves are visible in southeast 
quadrant of photograph C. ^ 

Boliria 1. Achocalla Mudflow, south of La Pax, Bolivia 

Lat S.; long fiS^OT' W. 

Number of photographs: 4. 

Photograph schIp: 1:. 50,000. 

Focal length: 0 in. 

Date flown: May 2S, 1050. 

Map reference*: Plate 2 in geology reforence. 

(leok>g,v n*fercnce: Dobrovolny, Kme.st, 1002, tiPologfa del vuUo 
dc l.,n Pnz; Bolivia, Ih*partamento Nncional de (leologln. Rol. 
no. 3, p. 62-63. Sec* laniin.a 2. 

Features U/uMfrated (set nos. Boliria 1 A~I) in southwest 
corner of photographs). — Tiie Kiu ^^alla.sn heads in j 
breaks <»f a high plain (the nltiplano, west htdf photo- 
graph A) and fitiws east U* south-flowing Rio La Pa/ 
feast half photograph (’). The Arlua*alla Mudflow 
origiimtetl near head of Kio Mallasu, descended more 
than bt)0 meters in 10 kilometers to main valley where 
a hrdrrK'k spur deflei'ted it south, laiiidslide top<»grapliy, 
with cl(»sed depressions and ponds, i)ersisis (southwest 



quadrant photograph C), According to Dobrovolny, the 
mudflow, about 2.5 cubic kilometers of material, ponded 
Rio La Pa/ to a depth of at least 150 meters. This 
|>onding flooded site of La Pa/ suburb C'olacoto (promi- 
nent racetrack); deposits of Lake Calacoto reach u 
thickness of 45 meters. Lake apparently is younger than 
glacial drift which is 9,000 years old by radiocarbon 
dating; thus Achocalla Mudflow is prt»bably of Recent 
age. The railroad grade descending from the altiplano 
in northwest quadrant of photograph B was abandoned 
in 192S when it was destroyed by landslidess. 

Bolivia 2. Oriented lakes in the Beni Basin nortkeast of La Pax 

Lilt 14®4S* S.; long 66 W W, 

Number of photogn^phs: 4. 

Photograph scale: 1 :40,000 (verticals). 

Focal length: 6 In. 

Dsite flown; I94S. 

<lcok)g>' r<‘fercnce: Phkfkor, (Ivorgo, 1904, Oriented lakes and 
lineaments of northettstern Bolivia: (■f*ol. Soc. America Bull., 
V. 75. p. 5a3-522. 

Features iUustrated {BoHrui i A is an oblique photo- 
yraph, view east. Set nos. Boliria S B P in northu>est 
comer of photographs). — Tw'o of several hundred shallow 
lakes with shorelines oriented rougldy northeasts 
southwest and northweat-senitheast. Most lakes have no 
inlet or outlet. Tlie lakes are in upper Ceno/oic clastic 
sediments that overlie crj'stalline rocks of the Brazilian 
Shield. Lukeahores parallel structural trends in the 
basement, and Plnfker infers that the lakes formed by 
subsidence of individual basement blocks. The lake near 
tlie northwest corner of photograpii C is just above the 
center of photograph A and near the right edge of 
Plafker’s figure 2, Photograph A shows other oriented 
lakes in the distance. The region is predominantly 
grassland; forest is largely confined to belts along 
streanvs and to fringes along much of the lakeshores. 

Brazil 1. Ponlal dc Scrnambcliba, a tombolo aonthwcot of 
Rio dc Janeiro 

Ut 23*02' K.; long 43®28' W. 

Numl>or of photogn^piks: 3. 

Photograph Hcalc: 1 : 20,000. 

Focal length: 6 in. 

Date flown: Nov. 29, 1964. 

Map reference: Set* getdugy reference. 

ecology reference: Bntxil, SiTrelaria (Jeral de Agricuhurii, 
Indu»<lrm v C'omercio, 1949, Mnpti geoldgico do Diittrito 
Federal, fcnle 1:H7,IM)0, 

Features illustrated (set nos. Brazil 1 A~C in southwest 
corner of photographs ), — A cliffed bedrock hill of granite 
and “lenticular gneiss” (near center of photograph B) 
is lieti to the mainland by a sandbar or tombolo. The 
const is mainly wave built; a notation on the map 
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indicates tliat near the (ombolo the shore is udvancing 
at the rate of 1 meter |>er year. Patterns in the water 
show liow waves are refracted by the former island. 
These waves caused sand to move in betiind the Island 
and build the sand bar that ties it to the shore. Anotlier 
stee|)-sided hill of granite gneiss, near the west edge of 
photograph B, rLse,s aliove the coastal plain; a third 
granite gneiss hill (Pei;as, in the southw^t quadrant of 
photograph A) is still an offshore island. Eilsi of the 
tondjolo, a lagoon and tidal marsh are behind the beach, 
which here becomes a bar. 

("bile 1. Arteftitn condilionn at Pica oaaiR, Atacama Dencrt 

Area: Province of Tarnpacd. 

Lat ao«30" S.; long 69*20' \V. 

Numl>er of photographs: 4. 

Phutugrnph scale: 1:60,000. 

Focal length: 6 in. 

I>ato flown: Apr. 7, 1055. 

Map reference: Pica and MatUla sheets in geology reference, 
scale 1:50,000. U.S. Air Force* World Aeronautical C'hart, 
Point AngtuiuM sheet (125X), scale 1 : l,0(Mi,(KN). 

Ci<*ology reference: iialli Olivier. Carlos, and Dingman, U. J., 
1962. CiiudmngtikM Pirn, Alcii, .Mntilla y ChacariUo, con un 
esltidio sobre los reeursoe de agua siibterrinen, Provincia de 
Tarupacd: ('hile, Institutu de Investigaciones Ueol5gicns, 125 
p. Dingnmti, U. J., and Cinlli O., C.'nrios, 1965. (icology and 
ground-water resourci's of the Pica urea, Tarapued Province, 
('hile; U.S. (Jeol. Sur\'ey Bull. 1189. Set* fipo*. 22 and 23. 

Fratures iUuHtraifft (fiet nos. (’hile I A-D in southeast 
corner oj photographs ). — Enst half of area is a west- 
fiu’inf; dip slope, partly dtme covered, on an ignirnbrite 
member of Altos dc Pica Formation. Ritlge west of 
Pica oasis (southensl quadrant of photograph C') marks 
upthrown side of a north-south fault that brings im- 
permeable Jurassic rocks (e.x])osod near center of photo- 
graph D) against un aquifer in basal Altos de Pica 
beds. Ground water escapes upward through fractures 
to form springs that irrigate the fruit groves of Pica. 
The .several oases from Pica to Puquio dc Nufiez (south 
center of photograph A) are fed by infiltration galleries 
that recover seepage water from Pica irrigation. A flow- 
ing well at Salto C.’hico (dry falls that breach igiiimbrite 
sfMitheast of Pica) yields water for irrigation in the 
quebrudu (arro 3 M>) and for the city of Iquiquc, some 75 
miles away on the const. pipeline runs nortliwest 
beside the road in nortliwest quadrant of photograph 
A. Stereoscopic coverage of Puquio de Nuf.ez is provided 
by Chile 2 B. 

C'hilc 2. Mudflow fan of Qurbrada Chacarilli. Alacami Desert 

Area: Province of Tara|>acu. 

Lat 20*40' S.; long 69*2tr W. 

Number of photographs: 2. 

Photograph Fcale: 1 :60,000. 

Focal length: 0 in. 



Date flown: Apr. 7, 1955. 

Map refen*ncc: Mnlilla sheet in geolog\* reference, scale 1 ; 50,000. 
U.S. Air Force World Aeronautical Clmrt, Point .Angamoa 
sheet (1258), Male 1 : 1,000,000. 

Geology reference: Gnlli Olivier, f-arloa, and Dingman. U. J., 
19G2, (hiadrangtiloH Pica, Alca, .Matilla y Chaeurilla, con un 
estudio Hobre los recurrosi de ng^ia subterrAnea. Provincia de 
TarapacA: Oiile, Instituto de investigneiones Gi*ol6gica.4, 125 
p. Dingman, R. J., and Galli (>., Carloo, 1965, Geology and 
ground-water resources of the Pica Area, TarapacA Province, 
Chile: U.S. Geol. Sur\oy liiiU. 1189, 113 p. 

Features illustrated {set nos. Chile 2 A, B in southeast 
comer oJ photographs), • Quebrada (arroyo) Chacarilla, 
which enters area of photograph A near southeast 
comer, ha.s built a broad fan marked by complex 
patterns of braided channels. The most recent flow, 
along north edge of fan, largely effaced the fan of smaller 
Quebrada Puquio Niifiez (northwest quadrant of pho- 
tograph A). According to Dingman and Galli O., the 
fans are built by mudflows that occur at intervals of 
several years; (he conspiciioii.s channels in the mudflow 
de|K)sits arc carved os the flow is decreasing. Above its 
fan, Quebrada ChttCttriUa carries water at night and 
in the morning and dries up each afternoon (Dingman, 
written rommun., 1964). The water is too salty — 
2,423 ppm (parts |>er million) chloride, 5,631 ppm 
total dissolved solids— -for domestic or irrigation use. 
A small oasis, Puquio de Nuflez (dark patch near 
center of photograph B), gets its water from an infil- 
tration gallery'. For stereoscopic coverage of the 
northern part of photograph B, sec Chile lA. 

Chile 3. Open pit copper mine at ("hugaicaBata, Chile 

.Area: Province of Antofagasta. 

Ut 22*20' S.; long 68*55' W. 

Number of photographs: 2. 

Photograph scale: 1:55,000. 

Focal length: 0 in. 

Date flown; .Apr. 18, 1961. 

Map n*ference: U.S. Air Force World Aoronauticjil Chart, 
Point .Aiiganios »hwl (1358), scale 1 : 1,(KH),000. 

Geology refcreuce; Uenxetti, B. L., 1957, Geology and petro- 
gcm*sis at Chuquicumata. Chile: Dissert. Abs,, v. 17, no. 10, 

p. 2249. 

Features illustrated {set nos. Chile 3 A, B in southeast 
corner oj photographs). — 'Plie cojiper mine at Chuqui- 
cumata. in the Chilean desert ut an altitude of about 
9,000 feet, is an ojicn pit about 2 miles long with 
lermced slo|>es. The great dumps of waste as well as 
the size of the pit reflect the large amount of material 
(hat lias l>een mined. Vegetation Is completely lacking, 
the result of an extremely arid climate that doubtless 
accounts for the unique mineralogy’ of the deposit; 
acronling to Keiizetti, the de{M)sit is generally similar 
to other jxirphyTy copper deposits, e.xcept that much 
of the copper is in the form of hydrous sulfates. 
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Chitc* 4. Volcanoes in the high Andes on the Chile*Bol{via 
border 

Aren: Andes rnountainA. 

Lot 22“M»* 8. : lonK 67^5^ W. 

Number of photoRraphs : 3. 

Phoiograph scale: 1:45,000. 

Focal length: G in. 
r>ateflottTi: Apr. 27, 1061, 

Map reference: U.8. Air Force World Aeronautical Chart, 
Point Angnnion sheet (1258), scale 1:1,000,000. 

(•oology reference: Chile, Institiito de Invcstigaciones Geo> 
loglcas, I960, Mnpa Cjcoldgica de Chile, scale 1:1,000,000. 

Feahires iUu8trate<{ (set nos. Chile 4 in southeast 
comer oj photographs). — Ijcanriibur Volcano (north- 
west quadrant photograph B), a symmetrical cone 
with summit crat-er about 800 feet in diameter, has 
radial grooves (avalanche scars?) on steep upper 
slopes and radiating lava tongues; several have curved 
transverse ridges and natural levees on lower slopes. 
The lavas were viscous; the tongues have high steep 
flanks and fronts. Southeast of LicancAbur, a second I 
cone, with a summit caldera more than a mile in 
longer diameter, ha^s lava tongues with subdued forms 
that imply an age greater than that of LicancAbur. 
Though both peaks show autumn snows that indicate 
their high altitude, they lack cirques such as occur at 
high altitudes to the north (see Ec uador 2) and south. 
This fact suggests that the climate was dr>' in the 
Pleistocene as it is today. Both volcanoes stand on an 
older surface of ignimbrite (southwest quadrant of 
photograph A) at altitudes above 12,000 feet. 

Chile 5. Laras controlled by stream ralleys 

Area: Province of AntofaRgu^tu, 

Ut 22®45' S.; long 6R*aV W. 

Number of pbotogmphs; 3. 

Photograph (Kale: 1:60,000. 

Focal length: 6 in. 

Date flown: Apr. 7, 1061. 

Map reference: Maps in geology references. 

Geology reference: Dingman, H. J., 1967, (Seology and ground- 
water rrsourceB of the northern part of the SaJar de Atacama, 
Antofagantik Province, (?hlle: U.8. Geol. Survey Bull. 1219, 
49 p. Dingman, Ft. J., 196H, Carta geolAgira de Chile, Cuad- 
rang\ilo San Pedro, Provincia de Antofagnatn: Chile, Inatitiito 
de Inve»tigacionea ficolAgicaa. 

Features illustrated (set nos, C'hile 6 A-C tn southeast 
comer oj photographsi), — The west sloi>e of the Andes 
is here a dip slope on u Pliocene welded tuff (southwest 
quadrant of photograph A). Canyons carved in this 
surfft<’e determined the locations of two basalt tongues, 
which descended westward from the high mountains 
(ouUide area shown in photogrnplis). Tlie mei'haiiism 
of this control is suggested by the westernmost tongue, 
wliicli is in part a collapsed lava tul>c. The basalt, in 



turn, has portly controlled postbasalt erosion. The 
basalt was viscous and has an aa surface. North of the 
flows are several partly exposed ring dikes that surround 
the base of an old volcano, now largely' eroded away. 

Chile a. Thrusting in near-surface rocka near 
San Pedro de Atacama 

Area: Province of Antofagasta. 

Lftl 22M.V 8.; long 68*20' W. 

Number of photographs: 3. 

Photograph scale: 1:60,000. 

Focal length: 6 in. 

Date flown; Apr. 9, 1961. 

Map reference: Plate in pocket of weond geology reference. 
Geology reference; Dingman, U. J., 1963, Re\en»al of throw 
along a line of low-nngle thrust faulting San Pedro de 
Atacama, Chile: U.8. Geol. Survey Prof. Paper 450-E, p. 
K25-E27. Dingman, It. J., 1063, Carta gcol6gica dc Chile, 
('uadrangulo Tutor, Provincia de Antofagasta: Chile, Instituto 
de Investigacioncfl Groldgicas, Carta no. U, scale 1:50,000. 

Features illustrated (set nos. Chile 6 A~C in southeast 
comer oj photographs). — Thrust faulting formed a line 
of hills that extends southwest from the northeast 
corner of photograph B across a southeast-sloping pied- 
mont. Welded tuffs of late Tertiary age (light tone) 
were faulted when underlying Tertiary rocks (north- 
west quadrant of photograph B) glided toward basin 
that lies to southeast (see Chile 7^ which adjoins this 
set oi» south). On Photograph A the fault is an under- 
thrust that extends along northwest side of ridge; here 
tuff in the static block overrode rocks of same and some- 
what younger age. In next hill to northeast (south of 
center of southeast quadrant of photograph C), fault is 
an overthrust that crops out near southeast side of 
ridge; here Quaternary mudflows (dark tone) cap tuff in 
the active plate. Bajadas, built chiefly by mudflows, 
show braided stream patterns. 

Ckile 7. SsK-lubricated folding and doming in the 
Atacarea Deoert 

Aren: I^rovince of Antofagasta. 

L»t 22*54' 8.; long 68*2(K W. 

Number of plioloigmphs: 3. 

Photograph scale: 1 :60,(X)0. 

Focal length: 6 in. 

Date flow'll: Apr. 9, 1961. 

j Map reference: Plate In pocket of second geology reference. 

I Geology reference: Dingman. K. J., ll>62, Tertiary salt domes 
near San Pedro de Atacama, Chile: U.S. Geol. Survey Prof. 
Prof. Paper 450-D, p. r>»2-D94. Dingman. U. J., 

Carla gooIGgica de Chile, C'uadrangulo Tulor, Provincia de 
Antofagasta: Chile, Instituto dc Invcstigaciones Geoldgicas, 
('arta no. II, scale l;50,(KK). 

Features illustrated (set nos. Chile 7 A-C in southeast 
corner of photographs). — In the Cerros de la Sal (most of 
photogra])h B) both anticlinal and synclinal ridges and 
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valleys are well illustrated. The rocks are continental 
arid-basin deposits of early Tertiary' chiefly fine- 
grained clastic rocks with many salt and gypsum beds. 
Dingman attributes the complex structures to incom- 
[jetent folding under compression, a.s rcicks lubricated 
by the evaporltes glided toward the axis of the ba.sin 
from both sides ((-hile 0 adjoins this set on north). 
Dingmun interprets the dark ridge (resembling a rail- 
mad embankment) across valley about 1.5 inches north- 
east of center of photograph B as colian sand; similar 
dark-toned sand occurs on the lee (southeast) sides of 
ridges elsewhere. Figure 147.2 in the first geology refer- 
ence is an annotated copy of most of photograph B. 



riiile 6. Fan diversion of drainage 



Area: Province of Amofaga.Mn. i 

S.; long 70®0H' W. I 

Number of photographs: 2. 1 

Photograph scale: l:60,fK10. < 

Focal length: 6 in. 

Date flown: Apr. 14, 1955, 

Map refen*nce: U.8. Air Force World AeronRUtic.nl C’hnrt, Point . 

AngniDOR ffhc-et (1258), Kcnle 1:1,000,000. | 

(teology reference: Chile, IntUittito de Inv<'Ktig]kciomn( tJco- 

I6gicn$<, 1960. Mnpn (•eul6gicn d<‘ Chile, scale 1 : i 

Featurea ilh(Mfrat€<i (set non, Chile 5 - 1 , B in smitheaftt 
corner oj phofographj*). — A precipitous fault scarp treitd- 
ing north-northeast marks (he straight west side of a 
narrow fault valley (west half of photograph A). The 
main stream, flowing south-soulhwcat in the fault valley, 
is forced to detour around two fans built by streams 
that drain small valleys in the mountains to the west. 
Elsewhere the scarp is fronted by a bajada btiili by 
small streams that head on the scarp. Where a fan built 
by a stream from the cast is opjjosed to the bajada, the 
main stream is confined to a narrow, straight channel. 
Ui>stream (north half of photograph B) the valley 
widens, and the main stream forms a wide belt of 
hniided channels. The mountains west of the fault are 
of Mesozoic granite; cast of the valley they are of 
Jurassic volcanic and sedimentary rocks. 



('hina I. Dissected loess plain on lee side of Gobi Desert 

,\rca: Sltniisi Province. 

l-at upprux 38* N.; long approx U2* E. 

Number of photograplitt: 3. 

Photograph settle: 1 ;30,fHHI (verticals). 

Focal length; 6 in. 

Date flown: Mar. 27, 1947. I 

Map reference; Army Map Service serir** I3tl|, .■‘hi'ei NJ49, 
Yang-('hu sheet, t«cnle 1 : l,0fMl.tN)U. 

Features illustrated {China 1 A is oblique view, south- 
southwest. China I B, (' are vertical, set nos. In north 
corners ), — Thick loe.'^s hlmikets this region where ruiit- 
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fall Is sufficient to support vegetation that can catch 
and hold dust deflated from the Gobi Desert to the 
west. The loess is deeply dls.serted; the mud load that 
gives the Yellow River its name testifies to the easy 
erodibilily of this material. Most gullies are dendritic 
in pattern (contrast with China 2). Every hill and gully 
sloj)e is terraced for cultivation. Ix>ng, narrow, culti- 
vated field.H of a flat tableland in pliotograph B extend 
appro.ximately north-south. 

China 2. Gully erosion in loess, promoted by works of man 

Area: Shansi Province. 

Lat upprox 39* N.; long approx 114* E. 

Number of photographs: 2. 

Photograph scale: 1 : 50,000. 

Focal length; 6 in. 

Date flown: 1943. 

Map reference: Army Map Service, series 1301, sheet NJ 50, 
Pei Ping sheet, scale 1 : 1,000,000. 

Fraturts iUmtraitd (»H nos. China S .1, B in imst 
corntT of photographs ). — Area shown is in western China 
on the lee (east) side of the Gobi Desert. In mountainous 
areas, including much of the north-northeasst half of the 
]>hotographs. loe.ss is thin or iilisent and valleys have 
a dendritic patteni, but in more level area.s, including 
most of the south-southeast half, thick loess (see China 1) 
forms dissected tablelands on which many gullies arc 
rectilinear. Near the east edge of the area of stereo- 
seopie coverage, rectilinear gullies fonn two sets, 
which drain south and west, respectively. Many of the 
rectilinear gullies, as near the .south comer of photo- 
graph A and south of the center of photograph B, are 
parallel to or collincar with cultivation patterns that 
reflect pro|>erty boundaries. This relation arises liecausc 
the gullies originated os washed-out roads and washed- 
out eultivation furrows. 

Ecuador I. Lava flow on flanks of Aniisana Volcano 

Area: l*ictiiacha. 

Isit S.; long 78°16' \V. 

Niinibfs' of phutognipha: 3, 

Photogmph ifcale; 1:60, 000. 

Focal length: 6 in. 

Date flown; Mar. 7, 196.3. 

Map reference: Anny .Map Service, series 1301, sheet SAW, 
Quito sh<s>t. scale 1 : l,(M)0.0(K). 

Features iUu.stroteii {set nos. Ecuador I A-C in south- 
east corner of photographs ) . — Lava emerged from two 
vents (near northeast corner of photograph C) on the 
side of a deep valley on the lower slo|>es of AntLsnna 
Volcano. AfiKit of the lava flowed downviilley, but a 
little flowed a short distance upvalley, where it now 
impounds a lake. The main flow has conspicuous 
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loTees, where it is confined within the valley and 
downslope where it emerges onto the adjacent plain. 
There the flow bifurcates into two steep-sided tongues 
with bulbous protrusions on their flanks. Lava cascades 
descend from the plain into a deep canyon, where the 
lava has dammed two more lakes. 

Ecuador 2. Mount Cotopaxi, a glacier-elad equatorial volcano 

Area: Pichtcchn. 

Lat0*41' 8.; Ions 78*27' W. 

Number of photo^^raplui: 3. 

Photograph scole: 1:30,000. 

Focal length: 6 in. 

Date flown: Jtitic 22, 1053- 

Map reference: Army Map Service, wries 1301, sheet 8AI7, 
Qtiito shi^t, scale 1 : 1,000,000. 

(jcology rchTCiicc: Whymper, Wwnrd, 1892, Travels amongst 
the great Amies of the c^qiintor: Ixindon, John Murray, and 
New York, Charles Scribner’s Sons, 456 p. See p. 123 and 
I36-I55. 

Ffaturt9 iiluJttrated (stt nos. Ecuador B A-(' in south- 
east comer oj photographs ). — The great bulk of this 
nearly synimelrical volcano, which rises to an altitude 
of 19,344 feet, dwarfs its round summit crater. Despite 
its pro.ximity to the e«|ualor, glaciers (severely crev- 
Bssed) cover most slopes above 16,000 feet. In places, 
the limit of glacier ice is difliciilt to determine becau.se 
snow' whitens ground t<» well below glacier limit. 
According to Wliymiier, snow falls nightly and melts 
daily under the tr<»pical sun. Snow on the rim of an 
inner crater is apparently thick, suggesting that the 
volcano is not continuously active as in Whym(>er's 
day. ('atostn>phic eruptions have occurred. In 1877, 
ash fr(»m Cotopaxi turned day into night at Quito, 
32 miles away; ash fell on shijis 200 mile.s away, and 
lava pouring onto glaciers initiated destructive mud- 
flows. Below snowline, drainage is radial. 

Equador 3. Cirques in j«inted nelamorphic rocks east of 
Guataceo 

Area: Azuay. 

Lnt 2*55' s!; long 78*45* W. 

Number of photographs: 2. 

Photograph scale: 1:40,000. 

Focal length: G in. 

Hate flown: June 22, 1953. 

Map reference: Army .Map Service, series 1301, sheet SAI7, 
Quito shet>t, scale 1 : 1,(N8).04M). 

Features iUustrated {set nos. Ecuador 3 -I, H t/t #omJA- I 
east corner of photographs ), basins containing 
ponds are evidently cinjues with tarns. Snow Is lacking; 
snowline must have been lower when the cinpies were 
formed. The al>>enre of .snow even in midwinter, in 
an area of appreciable rainfall, indicates that the 
lower snowline was due at least partly to lower tem- 
peratures rallier than heavier ))recipilatinn. (’ooling 



at this equatorial latitude suggests that Pleistocene 
cooling was worldwide. The jagged forms of the cliffs, 
ridges, and valleys are controlled chiefly by strong 
foliation and joint patterns in bedrock, perha|>s empha- 
sized by frost action. Rock b widely exposed; very 
little regolith, either residual or transported, b present. 

GuaUmala I. Radial drainage an Agua Volcano 

Area; 8acntep6qucz. 

I4it 14*28' N.; long 90*45' W. 

Number of photographs: 2. 

Photograph scale; 1:50, 0(X). 

Focal length: 6 in. 

Date flown: Jan. 29, 1954. 

Mop rii4erence: Coast and Geoilcttc Surrey, scries ONC K-25, 
scale 1:1,000,000. 

Geology reference; Williams, Howel, I960, Volcanic history of 
the Guatemalan Highlands: California Univ. PuU. Geol. 
Sci., V. 38, no. 1, p. 47-48. 

Features illustrated (set nos. Guatemala 1 A, B in 
sonthu^st corner of photographs ). — A composite volcano, 
one of many in the Ouatemalaii Highlands. Oater 
rim is complete, except on north-northeast side. Height 
■ of cone (about 7,000 ft above base) approaches that 
of Cotopaxi (Elcuador 2), but because altitude (12,336 
ft) b les.s, snow b lacking, and upper part of cone is 
forested. According to Williams, there is no authentic 
record of eruptions from Agua in hbtoric times. Mud- 
flows from its summit crater destroyed the first capital 
of Gualcmala, Ciudad Vieja (near northwest corner 
photograph B), in 1541. These mudflows have been 
attributed to an eruption, but more likely were caused 
by sudden discharge of a lake when part of the crater 
rim collapsed during heavy rains. All the lavas and 
pyroclastic ejecta of Agua are hy|>erslhene-augite 
! andesites. 

j Iran 1. Wind Iransportallon of dust: Dust devils 

I L«t33’48' N.; long SH*24' E. 

Numbt^r of photogruplis: 2. 

Photograph scale: 1:55,000. 

Focal length; 6 In. 

Date flown: Aug. 7, 1956. 

Map reference: Coast and Geodetic Survey, scries ONC G-5, 
scale 1:1,000,000. 

Features illustrated (set nos. Iran I A, B in northeast 
comer oj photographs). — The sun is blazing from a 
cloudless sky on the ilark-tone<i surface of a cultivated 
plain where two light-gray cones with indbtinct 
boundaries rbe almost vertically from the surface. 
T)ie.se c<ines cast dark-gray shadows and are evidently 
“(lust devils.” vorte.xes of air that rise convectively 
from the hot ground and are revealed by the dust they 
carry uj>ward. Dust haze obscures the pattern of the 
fields ill the vicinity of the dust devils. A tliird vorte.x. 
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indistinct on photograph A, is ap{>arent1y just forming; 
a fourth appears near east edge of photograph B out- 
side area of stereoscopic coverage. The dust devils 
moved southwest after photograph A was taken and 
before photograph B was taken. This movement shows 
that the dust is actually being transported across the 
plain, not merely being redistributed. The irrigated 
area in the northeast comer of photograph B is outside 
Sariyftn (Robert S. Jones, oral commun., 1965.) 

Iran 2, Streaks inferred (a be tracks of dust deells 

Lat 30®S2' N.: long 58*3R' E. 

Number of photographs: 1, 

Photogruph scale: 1:55,000. 

Focal length; 6 in. 

Date flown: Aug. 25, 1056. 

Map n'fercnce: Coast and Geodetic 8ur\'ey, series ONC, H-7, 
scale 1:1,000,000. 

Ftalurett illnutrated {»tt no. Iran 2 in northraM comer 
oj photograph). — An nfTjjrndod allindal desert plain is 
marked by a pattern of faint lines. Aeeording to 
Robert S. Jones (oral eommim., 1965), these are tracks 
left where dust devils have moved across the surface. 
The alluvial plain, a gently slu])ing bajada on the flank 
of a bolson, is seamed with a pattern of roughly parallel 
braided ehannels draining southwest. The supposed 
tracks fonn an intersceling pattern of straight to 
gently eiirtdng streaks, trending generally from north- 
west to southeast, roughly at right angles to the 
rliannels. The streaks are darker in tone than the 
baekgruiind. iHissihly heeause the removal of light- 
coloretl fines from the surface leaves a residue of coarse 
material that U darker in lone. 

Iran 3. Wind-scoured Irough., and yardanfn of the Shahr-e LQt 

Lat 30°!iO' N'.; Ion* 58°1.V K. 

Numb.*r of photographs: 2 . 

Photo*ruph scale: 1:.'>.5,000. 

Focal length: 0 in. 

Date flown: An*. 22, lit.56. 

Map referi'iice: Const and t'leodclic Survey, series ONC. iI-7, 
scale 1 : 1,000,000. 

f'ealurm illusiraleil (mI not. Iran 3 A, li in norlheaxi 
corner of /lAo/offropfea).— Carving of troughs, evidently 
by wind erosion and ileflalion, has left intervening 
residual ridges (yanlangs). The long, narrow, steep- 
sided ridges arc a few hundred to 1,.500 feel wide, a 
few feet to more than IIH) feet high, and 0,1 mile to 
several miles long; they are spaced a fetv Inmtired to 
nearly 2,000 feet apart. They are parallel, have blunt 
noses, and tail off to the south-scmtlieiisl ; clearly, the 
effective winds arc from the norlli-norlhwesl. Tlie 
troughs are carvetl in fine-grainetl material (lake beds?) 



accumulated in the central part of this broad desert 
basin. This area of ridges and trougha is sometimes 
known as the Shahr-e Lat (City of the Desert) because 
the troughs hear a fancied resemblanre to streets be- 
tween rows of mud-briek houses. The floors of the 
troughs, between the yardang ridges, are uneven, 
form closed depres-sions, and are dark in color; they are 
probably floored with lag deposits (sand?). Iran 4 
adjoins this set on the east. 

Iran 4. Passible darning at Ibe Sbsbr-e LOI basin 

Ut ao'sw N.; Ion* 5S»15' E. 

Number of photographs: 2. 

Photograph scale: 1:55,000. 

Focal length: 6 in. 

Date flown: .\u*. 22, 1056, 

■Map reference: Coast and Geodetic Survey, series ONC, II-7, 
scale 1:1,000,000. 

Features Illustrated (,tei not. Iran 4 ci, B in northeast 
comer oJ photographs). — Area shown is at northeast 
edge of the Shahr-e LQt (sec Iran 3, adjoining this set 
on west). A stream from the north that approaches the 
Shahr-e LQt northwest of the ithotographs is diverted 
southeast along the margin of the yardang area 
and finally ends in the north half of these photographs 
(limits reached by water the last time the slreuin flowed 
arc shown by white saline incrustation). Stream was 
ponded repeatedly by low residual ridges at edge of 
the Sliahr-e LQt. This iwnding filled each flat up to 
the level at which water could spill over into the ne.xtone. 
The manner in which the stream detours around the 
margin of the Shahr-o Lot, without c.xtcnding far along 
the deep troughs toward the center of the bolson, 
suggests that the (lake?) beds from which the yardangs 
were carved have been lilted after deposition, perhn|>s 
by isoslatic doming analogous to that inferred in the 
basin of Lake Bonneville. 

Iran S. Khanabi, the underfround water-collectin* galleries 
•r Iran 

Lnt 30'54' N.; long .55*18' IC. 

Number of pliotographs: 2. 

Phot<H(ruph 1:55,U0U. 

FocaI IcngCh: 6 in. 

I>nt(? flown: July 0, 1956. 

Map reference: Coast amt Geodetic Survey, aerico ONC, H-7, 
wale l:I,0(«.fX)0. 

Features iltusimied {set nos. Iran 5 in north- 

east corner of photographs). — The rows of dots extend- 
ing west iicros-s s(«ilhwesl (|uiidranl of photograph B 
murk llie roui*ses of khiinats, underground infiltration 
galleries tliat inillei’t ground water moving northea.sl 
through tlie alluvial deposits and divert it to flow 
obliipiely lt» the fan's surface to the town of Anar 
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(southoast quadrant). The khanat iunnelH are driven 
from shafts; tlie spoil from a shaft and from the tunnel 
exeavnted in both directions from its hottoiii is dumped 
around the shaft head, and titese piles of waste are tlie 
dots seen on the photographs. Such tunnels are sub- 
je<’t to caving and require cleaning out from time to 
time. This enlarges the piles of spoil around the shafts. 
Kvenlually the time <*omes when it is considered better 
to drive a new khanat than to try to reopen an old 
one; this accounts for the parallel rows of dots. At 
len.st seven lines of dots cun l>c seen on the photographs. 

Iran 6. Dah Kuh salt pluf and salt glacier 

Lnt 27*55' N.; Iuiir 54*23' K. 

Ninnbcr of photoKruplis: 3. 

Photograph scale: 1:55,000. 

Focal length: 0 in. 

Date flown: May 27, ll>56. 

Map rcfcnnicc; Army Map S«*rvice, serif* K501, sheet (J-40 A, 
Lar shr<‘t, wale 1 :25ft, 000. 

(leologj* reference: Harrison, J. V., 1930, The geology of some 
snlt-phigs in I>aristaii (southern Persia): Geol- Hoc. London 
Quart. Jour., v. 86, tio. 344, p. 463-520, Si-e p. 492; |»1. 53, 
fig. 1; and location map, p. 476. 

Featurrs illuntraleJ {»et nos. Iran (1 A-C in northeast 
corner of photographs'). — Folded Tertiary sedimentary 
rocks in tlie Irnninn desert form strike ridges tliat 
trend west-nortliwest and lliat arc sc|>arate<i by valleys 
containing alluvial de|M>sits. Harrison’s Dali Knit salt 
ping lias been extruded at tbe crest of an anticlinal 
mountain. In this arid climate, the salts, cliieHy halite 
and g\'|isnm, not only survive in outcrop but fonn tbe 
liigbest summit in the vicinity. Tbe salts have flowed 
in both directions along an adjacent valley. The result- 
ing salt tongues, the longer one about 3 miles long, 
have rough surfaces and steep sides and resemble 
glaciers or tongues of visi'ous lava. Tlie area is poorly 
known, and tbe features shown on Harrison’s maps 
cannot be positively lied to those shown on tbe Army 
-Map Service map; the village in tbe southwest ipiad- 
ranl of pliotograpli B may be DelikQyeb (Debktlh of 
the .\rniy Map Service map) and the salt plug the bill 
Kfih-i-Nimak. 

Iran 7. KQh-i-Garh salt plu, and salt ,lacirr 

Lat 27*3.5' N.; l.oug .54*2.5' K- 
Numbf’r of pliotogra}kh.«: 3. 
l*hf»tograph w.alo: 1;.55,600. 

Focal irngtl*: 6 in. 

Date flown: .\lt\> 28, 1956. 

.Map rcfcTi-ncc: .\riny Map Service, pcric* Kr»()l, nhert G 4U 
A. Lar sheet, scale 1 :25f»,fK)fl. 

<»coh*gy referi’nce: llarriscMi, J. I93U, The geoloey of some 
salt-plugs ill Larisi.'in (HMitIterii I’cr.sitO. (iieol. Six'. London 
Quart. Jour., v. M», no. 344, p. 463-52U. S»*c p. 4H.5 and pi. 56. 



Features illustrated {set nos. Iran 7 A-f’ in northeast 
corner of photographs). — The. Koh-i-Gacb salt plug has 
punched its woy tlirough to the surface, where it forms 
a hill more than 1,000 feet high (nortli liiilf of photo- 
graph B). The salt and gypsum have flowed downhill 
toward the south; the residting tongue-shaped body, 
more than 3 miles long, resembles a glacier or a flow of 
viscous lava, witli arcuate transverse ridges separated 
b 3 ' creva-sselike gtdlies and witli steep sides and front. 
Though (lie surface is rough, the tongue as a wliole 
slopes gently .southward from the base of the steelier 
slope of the dome that, fed it. A stream is diverted 
around tlie terminus of the tongue. The village west 
of the tongue near center of photograph C is Nihmeh; 
tlint southeast of the terminus in the soutliwesl quad- 
rant of photograph .\ is Kurmiisleh. The terminus 
of another salt glacier, Kuh-i-Siah Taq, lies 4 miles 
east of Karmii-steh (southeast corner of photograph A). 

Japan 1. Sugfested analog o[ Moon’o sinuous rills on Asamo 
Volcano 

Area; HonshA Islaiul. 

I.at ;)6“25' N'.; Ion* i:W*32' K. 

Number of photographs: it. 

PhotoKTnph scale; I; 40,000. 

Focal length: 0 in. 

Dnte flown : Nov. 6, 1047. 

Map reference: Army Map ftervice, scries L774, sheet 51t56 III, 
Karnizawa sheet, scale 1 ; 60,000. 

<MS>logy reference: AramakI, Shigeo, 1003, (leology of Asnma 
Volcano: Tokyo I'niv. Fac. Sci. Jonr., see. 2, v. 14, pt. 2, 
p. 229-443. AramakI, Shigeo, 1956-67, The 17H3 activity of 
Asama Volcano; Japanese Jonr. Geology ami Geography, 
V. 27, p. ISO- 229 and v. 28, p. 11-33. Cameron, \V. S.. 1964, 
An interpretation of Sehr, ter's Valley nnd other lunar sinuous 
riits: Jonr. Grophys. Itcaearch, v. 60, no. 12, p. 2423-2430. 

Features illustrated {set nos. Japan 1 A-C in northeast 
corner of photographs). — (Vntral cone of .\sama-yama 
(southwest quadrant of photograph B), one of .Tupan’s 
most active and dangerous volcanoes, has a deep crater 
and is Ixirdererl on llie west by a partial somma (caldera 
rim). Recent ash covers most ground near crater. 
Farther away are pyroclastic deposits, loose nnd gullied 
(nortliwest quadrant same photograph) to welded and 
little dissected (northeast (piadrant). Ko-asaina-yama, 
a conical hill (southeast quadrant), is a dome of visr'ous 
ducite Invn. The ()nioslddn.shi-iwa lava flow of 1783 
(cast lialf of photograph A) is hyirersthene-augite 
andesite and has a rough, blocky surface. Tlie flow 
partly fills the head of a flat-floored, steep-sided trench, 
the so-called Knmhara ditch (northwest quadrant 
pliolograph V), carved by a nu& urdenie that im- 
mcflialcly prei'oded the lava. Cameron suggests the 
Kumhara ditch as a terrestrial analog of the sinuous 
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rills that occur on the Moon; her figure 5 is an annotated 
copy of part of phot<»$rraph B. 

Japan 2. 0-ahima Volcano: Volcano Mihara-yama, in an older 
caldera 

Area: 0-shtma (bland). 

Lat 34'’44' N.; long 130°24' K. 

Xiitnber of photogmphs: 3. 

Photograph Fcale: 1:30,OOU. 

Focal length; 6 in. 

Date flown; Sept. 27, 1947. 

Map reference; Army Map Scr\'ice, BPries L774, sheet 5951 II, 
0-shlma sheet, scnle 1 : 50, 000, 

Geology reference; Foster, II. L., and Mason, A. 0., 1955, 1950 
and 1951 eruptions of Mlhara Yamn, O Shtma Volcano, Japan: 
Soc. America Bull., v. 66, p. 731-762. 

ilhafraied {set non. Japan M A-C in tewf- 
northv'fHf comer of phoioijrapKst). — A deep central inner 
l>it in the crater of the volcano Mihara-ynma (south- 
west qimdnint of photograph B) has nearly vertical 
walls. Mihara-yania rises somewhat hif^her than a sur- 
rounding caldera rim, some 2 miles aero.ss. The rim Is a 
somniQ, the highest remaining parts of an ancient 
volcano wltich Foster and Mason call 0-shima VoIcaiU) 
hccnusc it makes up m<»st of the island of O-shima. Tlie 
rim rises 10-100 meters above the adjacent caltlera 
floor, except in the northeast quadrant where lavas 
have poured out onto the <mter slopes of the island (sec 
also Japan 3). Piute 1 of Foster and Mason is reduced 
from photograph B. 

Japan 3. O^shlma Volcano: Explosion craters and lava della 

.Area: O-shima (inland). 

Lat 34®43' X.; long I39®2.V K. 

Xiitnlx'r of photographs: 5. 

Photograph nciilc; 1:30, CHM). 

Focal length; 6 in. 

Date flown: Sept. 27, 1947. 

.Map reference: Army Map Service, series L774, Blieei .5951 II, 
0-shimn sheet, scale 1 :50,tgK). 

Geology reference: Foster, II. L., and .Mason, A. C., 1955, 1950 
and 1951 eruptions of Mihara Varna, O Shimn Volcano, Japan : 
G<*ol. Soc. America Bull., v. 66, p. 731-762. 

Features illustraied {set nos. Ja}Hin 3 A-E in sou/h-eojft 
corner of phoioejraphs), — A strait coruierls Habuminato, 
a 1 ‘iroular harbor summudc<l by cliffs .some 50 meters 
higli (southonst quadrant of photograph 1)), to the sea. 
Foster and Mason believe the liarb<jr is a crater formed 
by an explosion that c*ccurred when ground water came 
in contact with hot rock; Hikubt» crater, tm laud nearly 
a mile to the west resulted from another similar plire- 
atic explosion. In 177S. hasnltic lavas that descended 
eastward from Mihara-ynmu (volcano with crater in 
southwest quadrant of photogmpli H) spilled over a 
cliff a.s a lava cascade and built a <leltu mil the sea. 
According to Foster ami .Mason, the cliff is probably a 



fault scarp. Five parasitic cinder cones are alinod about 
2 kilometers west of the cliff; these include three in the 
northeast quadrant of pliotograph B, and Futago-yarna 
and Tahei-yama, south of center of photograph C. Fur 
Mihara-yama, .see also Japan 2. 

Japan 4. Aao-aan and other volcanoes within the same caldera 

Area: Ky9<(h0 Island. 

Lul 32*53' N.; long 131*04' K. 

Xumber of photographs: 5. 

Photograph scale: 1:25,(K)0. 

Focal length: 6 in. 

Date flown: Dec. 7, 1947. 

Map reference: Army Map Service, serioR L772, sheet 4345 IV, 
Arc San nh<'et, scale 1 : 50,000. 

Geology reference: Matfliimoto, Tadaichi, 1943, The four gigan- 
tic caldera volcanoes of KyAsyfi: Japanese Jour. Geology and 
Geography, v. 19, special number, p. 1-57. 

Features illustrated {set nos. Japan 4 A-E in nor/A- 
east comer of photographs). — More than a dozen com- 
jJete or partly destroyed craters can be identified on 
the.se photographs. These craters include bleached and 
unbreached cinder cones (photograph A); a lava-filled 
crater, probably a small caldera, containing a pond 
(southwest quadrant phf>logruph C) ; and two complexes 
of intersecting craters. The eastern complex (southwest 
quadrant photograph D) has recently been active, as 
shown by a surrounding IJanket of dark ejecta; column.s 
of steam still rise from two ftirnanJes. Aso-san (south- 
west quadrant photograpli E) stands more than 3,000 
feet above the floor of the caldera (north edge of photo- 
graphs) and 1,000 to more than 2,000 feet above the 
rim. The caldera in which Aso-san stands Is one of the 
largest recognizcil, 10 miles across from east to west 
and 15 miles from north to south. According to Nfat- 
sumoto, the |K»s(caldera lavas arc predominantly augite- 
andesite (auganite). Japan 5 adjoins this set on the 
west. 

Japan 5. West rim of caldera snrrounding Aso-aan 

Area: KyOshfl bland. 

Lat 32*53' X.; long !30*5R' K. 

XumiK'r of photographs ; 3. 

Photograph scale: 1:25,000. 

Focal length: 6 in. 

Date flown: Dt‘c. 7, 1947. 

Map refenmee; Army Map Sor\'ice, series L772, sheet 4245 I, 
Kikuchi sheet, scale 1 : 50,000. 

G«>ology reference: Mat.sumoto, Tadaichi, 1943, ITie four gigan- 
tic caldera voleaniH*.** of KyOsyfl: Japiknc>.<M' Jonr. G(‘ology and 
Giography, v. 19, sjx'cial miinUer, p. 1-57. 

Features illustrated {set nos. JajHtn o ..{-C in northeast 
corner of photographs). 'Hie western rim of the caldera 
siirroumling Aso-san (tlirough center of photograph B) 
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is 200 to more then 400 meters high. In the southeast 
quadrant of this photograph Shira Kawa (“Wliite 
River”), which drains the southern part of the caldera 
basin, is joined by Kuro Gawa, which drains the in- 
terior of the caldera north of the central peaks, and 
the comb ned waters flow west through a water gap 
in the caldera rim (southeast quadrant of same photo- 
graph). Kuro Gawa is incised in the lower part of its 
course, but in northwest quadrant of photograph C it 
meanders through rice flelds. Japan 4 adjoins this set 
on the east. 

Japan 6. Sakara-jima volcano: Young and old lavas on 
southwest slope 

Area; KyQshO Island. 

Lat 31 '33' N.; long 130“38' E. 

Number of photographs; 3. 

Photograph scale: 1:30,000. 

Focal length; fi in. 

Dale tioam: Dec. 4, 1047. 

Map reference; Army Map Service, series L772, sheet 4241 IV, 
Kagoshima sheet, scale 1 ; 50,000. 

Geology reference: Kotd, IhmjtrO, 1916, The great eruption of 
Httkura-jima in 1914: Tokyo Imp. Univ,, Coll. Sci. Jour., v. 38, 
art. 3, p. 1-237. 

Featun» Ultmlraletl (stt non. Japan 6 A-C in northeast 
comer of photographs). — Minami-take, the southern 
cone of Sakiira-jima, has a deep crater (at north edge 
of photograph C; for stereo this set must be combined 
with Japan 7). The upi>er part of the cone consists 
largely of pyroclastic muterials. Two lava flows have 
built peninsulas out into Kagoshima-wan (Kagoshima 
Bay); one of these (near east edge photograph B) Is 
prehistoric; the other, to the northwest, was erupted in 
1475-76. North of the latter flow, but not reaching the 
sea, is a 1749 flow, partly buried by the western 1914 
lava flow (north edge of photograph B). The 1914 flow 
built new land more than a kilometer into Kagoshima- 
wau toward Kagoshima (northwest quadrant of photo- 
graph A), a seaport and the prefectural capital. The 
lavas of Sokura-jima, like those of the laistcaldera 
l>eaks at Aso-san, are chiefly augitc-andesite. 

Japan 7. Sakura>jiraa volcano: Flow of 1914 on southeast 
slope 

Art'll : KyQsliQ Islnnd. 

Uii X.; loiiK 130^42' K. 

Niiml)(‘r of photOKrnplis; 3. 

Photognipli Nculr: 1:30,(KH». 

KikaI leoKth: 6 in. 

Dnte Hown; I>t. 4. 1<»47. 

Mop n*for<*hcr: Army Map Srrvice, stTics L772. 4241 IV, 

KnK^shiinu hcaI* 1 roO.tKK), 

tlpology rt-ftTfiici’: Kotft, Himjiru, I9H1, Tlio gntil iTuption of 
Sakurn-jima in UH4 ; Tokyo Imp. Univ., Coll. Sci. Jour., v. 



arts 3, p. l->237. Matsumoto, Tadaichi, 1043, The four gipinUe 
caldera volcanoes of KyOayQ: Japanese Jour. Geology and 
Cieography, v. 19, special number, p. 1-57. 

Features illustrated (set nos. Japan 7 A-C in norUieast 
comer of photographs). — Sakura-jima (Cherry Island) 
volcano «'as an island in Kagoshima-w'an (Kagoshima 
Bay) until 1914, when lavas from its southeast flank 
joined the island to the mainland (near center of 
photograph B). The lava came in part from vents at 
the eastern foot of the breached cone Nabe-yama, 
built in 1471, and in part from a vent well up on the 
slope of Sakura-jima. The terminal parts of some of the 
flows, both on land and in the sea, are highly lobate; 
in pattern that Koto compares with the “bird’s-foot 
delta” of the ^^lssls.Hippi. The lava destroyed without 
trace the previously thriving hot-spring resort, Ari- 
mura; its site was on the shore near center of photo- 
graph A. According to Matsumoto, Sakura-jima is near 
the breached south rim of a caldera some 15 miles 
across; the high ground at center of photograph B is 
part of the rim. Japan 6 adjoins this set on the west. 

Pagan I. Erosion forma in volcanic materials of Psfsn Msnd 

Area: Mariana Islands. 

Lat 18'OU' N.; long 145‘>47' E. 

Number of photographs: 3. 

Photograph scale: 1:30,000. 

Focal length: 6 in. 

Date flown: Feb. 12, 1946. 

Map reference: Army Map Service, series W843, sheet 3376 
II NW, Shoniiishon sheet, scale 1:25,000. 

Geology reference: Corwin, Gilbert, Bonham, L, D., Terman, 
M. J., and Viele, G. W., 1957, Military geology of Pagan, 
Mariana Islands: U.S. Army, Chief Eng., Intelligence Div., 
Headquarters U.S. Army Japan (Tokyo], 259 p. 

Features illusirateti (set nos. Pagan t A-C in south 
comer of photographs). — Mount Pagan is n basaltic 
cone within a somnia. Remnants of the caldera rim 
form inward-facing cliffs to the south, southwest, and 
north of the summit crater and outward-facing cliffs 
(formerly sen cliffs) northeast and east of it. Where 
the sea has breached the rim in west quadrant of 
photogra|>h B, differential erosion by waves has cut 
an almost circular rove in the weak tuffs within the 
caldera. The remnant of the rim north of the cove 
resembles a tombolu, hut the ucck that ties it to the 
nmiidaiid Is erosional not constructional in origin. 
.Stacks occur along I'liffed parts of the shore. Tw<i 
lakes west of the summit crater murk a subcircular 
siihsidonce area; ridges of (lyrorlastic material within 
this suhsidence arc gullied. The youtig lavas (dark 
area) tlial extend northeast from the summit crater 
1 are shown at larger s<'ale in Pagan 2. 
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Pagan 2. Differential aotl deTelopment on lavaa. Pagan Island 

Aren: Mariana lalanda. 

Lat IS®00' N.;long 145«48* E. 

Number of photographs r 2. 

Photograph scale*: 1 : 10,000. 

Focal length: 12 in. 

Dale flown: Jnn. 16, 1948. 

Map reference: Army Map SerN'iec, seriiw W843, sheet 3376 
II N\V, Shonuishon sheet, scale 1:25,000. 

Geology reference: Corwin, Gilbert, Bonham, L. D., Tcrman, 
M. J., and Viele, 0. W., 1967, Military geology of Pagan, 
Mariana Islands; U.S. Army, Chief Eng., Intelligence Div., 
Headquarters U.S. Army Japan (Tokyo), 259 p. 

Feaiurfs illnairaUd {mI nos. Pagan 2 A, B in north 
comer o/ photographs). — Hills covered by coconut 
palms northwest and southeast of center of photofi^aph 
A are remnants of a caldera rim (see Pagan 1). Rela- 
tively young lava has poured over this rim in a lava 
cascade (center of photograph). Comparably young 
lavas cover most of the rest of (he photograph; they 
support vegetation only in patches. According to 
Corwin (oral comimm., 1965), the vegetated patches 
are places where the original surface was pahochoe 
or slab lava; it evidently lakesmuch longer to establish 
vegetation on the prevailing clinkery aa lava than on 
pahoehoo. A thick flow of viscous ball aa lava (south 
quadrant photograph A) stands well above the younger 
flows, which are more fluid and hence thinner, that 
lap up around it. Several flows in west quadrant show' 
arcuate ridges. In southwest half of photograph B, 
lava rivers form a radial pattern on the sloi>e of Mount 
Pagan. 

Pakistan 1. Complex (ransrerse sand dunes south of Kbkrin 
Kal&l 

Area: West Pakistan. 

Lftt 2«W N-: long 65*15' E. 

Number of photographs: 2. 

Photograph sonic: 1:40,000. 

Focal length: 6 in. 

Date flown: 1053. 

Map reference: Army Map Scr\‘lce, scries U501, sheet H-4I X, 
KhSrun Knlut sheet, scale 1:253,440. 

Geology reference: Hunting Survey Corp., Ltd., I960, Ilecoii- 
nnissance geology oi p{irt of West Pakistan; a Colombo Plan 
coop«Tativt* project: Toronto, (h*ologic map no. 19, Kharnn 
K:dut, scale 1:25.3,440. (A report published for tlu* Go\em- 
meiit of Pakistan by the Government of Canada.) 

Features illustrated (set nos. Pakistan t A, B in south- 
east comer oj photographs). — Major transverse dunes, 
w'itli sharp crests spaced abotit half a mile to a mile 
apart, trend north-nortliwest; steep northeast^facing 
slipH)fT slopes show that the dominant dune-forming 
wind is from the west-southwc>t. Several small wliite 
patches of salt incrustation indicate that locally a (muhI 
.sometimes fonns at the fmit of a dune. The gentle wind- 



tvard slopes of these major dunes have complex patterns 
of secondary dunes. 

Pakiitan 2. Mud volcanoes and a faulted plunging anticline 

Area: West Pakistan. 

Ut 25*27' N.; long 66*61' E. 

Number of photographs: 5. 

Photograph scale: 1:46,000. 

Focal length: 6 in. 

Date flown: 1953. 

Map reference: Army Map Service, aerie* U501, sheet G41-R, 
KanrAch sheet, scale 1:253,440. 

Geology reference; Hunting Sur\’cy Corp., Ltd., I960, Recon- 
naissanc*' geology of part of West Pakistan; a Colombo 
Plan cooperative project: Toronto, Geologic map no. 5, 
Ormara, scale 1:253,440. (A report published for the Govern- 
ment of Pakistan by the Government of Canada.) 

Feahirts illmlrated (*f( nos. Pakistan BA-E in south- 
east corner of photographs). — ^Two conical hills with 
summit craters, conspicuous in northwest quadrant of 
photograph E, are about 0.3 mile in diameter. Just 
south of the southn'estern large cone is a smaller but 
otherwise similar cone, and to the northwest is a feature 
that appears to be the collapsed remnant of a fourth 
cone. These cones are mud volcanoes, formed by 
spattering by natural gas that rose under pressure 
through the saturated alluvium of the coastal plain. 
They are approximately on the axial line of an anticline 
that is cut by several faults where it is exposed to the 
southwest. The northeast-plunging nose of the anticline 
Is sharply delineated by resistant sandstone layers 
interbedded svith mndstone in the Miocene or PUocene 
Hinglaj Formation. 

Pakistan i. Lakes between lanfilndinal dunes east of MIrpur 
KUs 

Area: West Pakistan. 

Lat 25*37' N.; long 69*35' E. 

Number of photographs: 3. 

Photograph scale: 1:35,000. 

Focal length: 6 in. 

Date flown: 1953. 

Map reference; Army Map Service, series U502, Sheet N042-U, 
MIrpur Khfts sheet, scale 1:250,000. 

Geology reference: Hunting 8ur\*ey Corp., Ltd., I960, Rccon- 
nait>«ftnce geology of part of West Pakistan; n Colombo Plan 
cooperative project: Toronto, Geologic map no. 7, Hydera- 
bad, RCttle l:2s53,440. (A report published for the Government 
of Pakistan by the Government of Canada.) 

Features illustrated (set nos. Pakistan S A-f in 
southeast comer of photographs).- I/akes occupy depres- 
sions between long, roughly parallel ridges that trend 
north-northeast. Most lakes are a few hundred feet 
wide and les,s than half a mile long, but half a dozen 
are mile wide mid as rmicli as 21, miles long' 
The ridges liuvc forms characteristic of longitudinal 
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sand dimes, but they are evidently stabilized; no 
active dunes are evident. The agent stabilizing the 
dunes is not obvious; the sparse growth of bushes 
they support appears to be too scattered to anchor 
them securely. The dunes are older than the lakes; 
the crest of a dune rises as an island within a lake. 

Palau 1. Bauxite mines on Oabelthuap Island, Palau Group 

Area: Caroline Islands. 

Lat 7*35' N.; long 134*35' K. 

Number of photographs: I. 

Photograph scale: Unknown. 

Focal length: Unknown. 

Date flown: 1944. 

Map reference: Figure 3 in geology reference. 

Geology reference: Bridge, Josiah, and Goldich, S. S., 1948, 
Preliminary report on the bauxite deposits of Babdthuap 
Island, Pidau Group: U.8. Gool. Sur\’cy for GUQ, Far East 
Command. See pi. 3 and fig. 4. Bridge, Josiah, and Goldich, 
S. H., 1948, Bauxite dopoeita of Bahelthuap Island, Palau 
Group (abs.|: Geol. Soc. America, Bull., v. 50, p. 1313. 

Features iUustrated {oblique view JtOMfAetM/) .“These 
strip m'nes were operated by the Japanese between 
1938 and 1944. The bauxite w&a derived by lateritic 
weathering from volcanic agglomerate of Miocene age. 
The approximate distribution of bauxite is indicated 
by the vegetation; wl»ere the bauxite is thick it sui>- 
ports ferns rather than trees. Tlie ore came from sur- 
ficial deposits tliat averaged only about 7 feet in 
thicknes-s; mining was by hand methods. The mines 
are in the northwestern part of lJal>eIthuap (Babeldoab) 
Island, lai^cst of the Palau Group. Plate 3 of the first 
geeJogy reference is reduced from tliis photograph. 

Palau 2. Augulpelu Reef, an offshore (barrier) reef 

Area; Caroline Inlands*. 

I-at 7*18' N.; long 134*33' E. 

Number of photugmphR: 3. 

Photograph Rcalc: 1:40, (XMK 
Focal length: 6 iu. 

Date flown: Jan. 10, 1048. 

Map reference: Plate 4 in geology reference. 

Geology reference: Mason, A. C., and others, 1956, .Military 
geology of the Palau Islands, Caroline Islands: U.8. .Army, 
Chief Kng., Intelligence Div., lleadquartcrB, U.S. Army 
Forces Far ICasl (Tokyo], 2H.5 p. See pi. 4. 

FfaUtrm illustralril (ttt nos. Palau S A-C in south 
comer of photographs). — A\igiilpelu Hecf (central part 
photograph B) is all under water except the sandbar 
near north end of the southwestern hook. Coral heads, 
visible in stercoscojiie view, rise to near low-tide level 
ill I be 'agoon behind the reef. A fringing reef grows 
along the shore, even where a harrier reef extends 
offshore. The islands Bahelthuap (north corner photo- 
graph A) and riarrern (north corner jihotograph B) 
are separated from Koror (north corner photograph (’) 



by Tnagel Channel. The sea is unusually calm, and 
breakers on the reef are few and small; on January 10, 
1948, this was a lee shore (see Palau 3). 

Palau 3. Pitied limestone and living reefs of Eil Msik Island 

Area: Caroline lalancb. 

Lot 7“08' N.; long 134”23' E. 

Number of photographs; 2. 

Pholoaraph scale; 1:40,000. 

Focal length: Gin. 

Dale flonm: Jan. 10, 1948. 

Map reference: Plate 4 in geology reference. 

Geolog,^ reference: Mason, A. C., and others, 1956, Military 
geology of the Palau Islands, Caroline Islands: U.S. Army, 
Chief Eng., Intelligence Div., llendquarters, U.S. Army 
Forces Far Eaat [Tokyo|, 285 p. Sec pi. 4 and pi. 6B. 

Features illustraied (set nos. Palau 3 .1, B in south 
corner of photographs).-~iiolalion has deeply pitted the 
Palau Limestone, of \fiocene to Pleistocene age, after 
it was uplifted to form an island. Xfany of the solution 
pits arc ponds and lakes. Otliers are breached and 
connected to the .sea by channels. Elsewhere, remnants 
of the limestone protrude a.s islands. According to 
Gilbert Corwin (oral commun., 1965), all the ponds 
and lakes are at sea level and have salty water that 
rises and falls with the tides, altlinngb connection with 
the sea is confined to snbterrnnean openings except 
in the breached lakes. living reefs shown include a 
fringing reef, a barrier reef attached at both ends and 
enclosing a shallow lagoon, and an offshore barrier reef. 

Patau 4. Anguur Island, an uplifted atoll with pbuaphale deposits 

Area: Caroline laland-s. 

Lat G^SS' N.; long ISA^OO' E. 

Number of photographs; 3. 

Photograph scale: 1 :4t),000- 
Focal length; G in. 

Date Gown: Jan. 10, 1948- 

Map reference; Plate 2 in geology reference. U.S. Hydrographic 
Office Hydrographic chart 6073. 

(jcology reference: Irvdng, E. M., 19.50, Phosphate deposits of 
Ang.aur Island, Palau Islands: U.S. Cieol. Siira^ey for GllQ, 
Far Flast Command, 100 p. 

Features illustrated (set nos. Palau 4 -l-G in south 
comer of photographs). — The i.slund, about 3 miles 
across, has had a complex liistorj'. Two uplifla are 
evident from the photographs. The hills in the north- 
west were a small atoll which was uplifted to form an 
island. The airfield is on a fringing reef that wa-s built 
around that island before a second uplift. A new fringing 
reef is growing and Ls widest on the west side of the 
southern peniti-sitla. Arcordiitg to Irving, the actual 
history is cveti more coni|)lex: the lakes left by phos- 
pltalo mining extend well Itelow sen level, and when 
the phosplmlc wa.s accunmlated Angaur must have 
stood at least 74 feet higher above the sea than today. 
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Refracted waves, breakers on the reef flat, and the 
dLstribution of whiteeaps siij;f!est that surfaee winds 
are northwest, altiiougli iiioveinent of cloud shadows 
shows that at eloiid hcicht the wind Ls east. 

Saadi Arabia 1. Wabar Crater, a small aalrobleme 

Lai 21'30' N.; long .tO“30' K. 

Niimlrer of pbotogmpha: 2. 

Photograph scab': 1:. 1.3, 000. 

Focal length: 6 in. 

Date flown: Nov. 28, lO.H. 

Map reference; Army Map Service, series K402, sheet NF39W, 
Northwestern Huh' al Khali sheet, scale 1 :.300,(KK>. 

(Jeology reference: Chao, E. C. T., Fahey, J. J., and Litller, 
Janet, 1061, Coesite from Watuir crater, near Al lladidn, 
Arabia: Science, v. 133, no 34.36, p. 882-883. 

Features illusiraled (net nos. Saudi Arabia 1 .1, H in 
mulh(o»l comer oj jihotographa) . — Wabar Outer is a 



circular depression approximately 300 feet in diameter 
(less than 0.1 inch at scale of photograph.s) about 0.8 
inch from east edpe of the photographs and midway 
in the area of stereoscopic coverage. The presence of 
coesite and meteorite fragment.s identiCes it us an 
astrobleme or mcleorite crater. The rim of the crater 
is distinctly raised, though low; the nature of this 
raised rim cannot be demonstrated at the scale of the 
photographs, but analogy with Meteor Crater, Ariz., 
suggests it Ls partly upturned bedrock and partly 
ejecta. The entire area is one of dunes trending 
irregularly east-northeast. .Most of these are normal 
transverse dunes formed by northwest winds, but a 
few are sharp ridges with depressions (suggesting wind 
scour) on their southeast sides; |K>ssibly these sharp 
ridges reflect the effect of southeast winds that alternate 
with the prevailing or stronger northwest winds. 
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STRATIGRAPHY OF THE STAR PEAK GROUP (TRIASSIC) AND OVERLYING LOWER 
MESOZOIC ROCKS, HL^MBOLDT RANGE, NEVADA 



By N. J. .SiujKRLiNo and Robert E. Wallace 



ABSTKACT 

The Star I'eak <>ruu|» and other, atill yomij?er. lower Me«osolc 
ro<‘kJ* of the “Wiuiieaiucea wetiuence*' of Sllberltng and Robert}* 
form roughly half the bedroek c3ctKJswr«»» In the Humboldt Ranjtt*. 
which oeeuph*}* iwrla of the ItnUiy, t'nIonvUle, and Ituffalo 
Mountain «|imiIrunKie}> in northwestern Nevada. Thc‘f*e strata. 
ag|?rtifatln>: more than 10,000 feet In thickneKs. are largely ma- 
rine MHlinientary nK'ks that overlie with aiihtle aiijoilar uncon- 
formity the iiredoniiiiantly voleanle Koit»atn Group of i’erinian 
to t^arliewt Trias}»le nge. Ksposiires of the Star i’eak Group 
roughly encircle the central part of the range and are most ex- 
tensive at its north and south ends. The Star Peak Group. 
tNiinpriaing the i'ri<la and Xatches Pukh Konuntiona. In char- 
acterized by (*alcareoua rot-ks whose eomiKialtion eontrasta 
sharply wtb that of the overlying formations, which are eom- 
jsised mainly of fine-grained terrigenous eluKtic rocka. 

The I*ritln Formation, the lower formation of the Star Peak 
Group, ia divideil Into thre«* lnf(}m]al mt'iuttera. Ita lower mem- 
l»er ia lithologically heierogenoOH and includes a variety of cal- 
careoufl terrlgemma elastic r<X'ka and impure carbonate rocks 
above a basal clastic unit <tf nonculeareous snindstone and eon- 
rlomerate. lailerai Uthologie eliniiges within the lower meinbt‘r 
and variation in its thickness from a few tens of feet to several 
liundred feet reflect the original sIo|m* and to|K^a|»hic Im'gu- 
larlty of the ensleil surfa**e of the underlying rocks of the 
Kftipato Group. In the iiortheni jairt of the Humboldt Hange. 
much of the lower Prlda Is locally cut out against two promio' 
ent Itasement highs that coincide in l<K‘ation with Intrusive |iar(s 
of the Koif»ato volcanic pile and with the principal silver depos- 
its in the Star Peak r«x:ks. Elw^where in the northern part of 
the range, where the lower iiieuitH*r of the l^lda Is thickest and 
was first deiMisited. the lower memt»er liieliides at least two 
successive ainniunite faunas of H|Mithian i latest ^^rly Triassic) 
age. 

The miihlie meinl>er of the Prida similarly rnnges In thickness, 
locally attaining a imiximiim of 400 fwt In the northern part of 
the ratige. hut it Is lithnlogically uniform and everywhere con- 
sists of gniy, commonly highly fossil iferous liutestone Inter- 
iiedded with calcareous shale and slUstone. It preserves a 
imh|UeIy mmplete swiiiemv of lUuniotiUe faunas representative 
••f curly, middle, and late .Anlsiiin (early Middle Triassic) time. 

The upisT memt}er of the Pri^la shows pn»nou»ce<l lateral var- 
iation III its thickness and age. pnigresslvely thickening from KXl 
feet in the southern |iart (»f the range, where it is wholly F,adlnian 
»Iale ^liddle Trlas.slc) Iti age. to li.otkl feet or more in the north- 
western |wrt of the range, where It ranges from early I^udiniun 
to early Kamian (earliest I^te Triassic) In age. Tlie umst 
I' rida Is comiKised of e\*enly parted dark cherty lamlnnl(><l lime- 
stone (or, more rarely, dolomite) having some inieriH‘dd<>il units 
of massive organlc-delritMl ciirtsmate r«>cks. Fossils are scarec 
and ex<f*pt for sixingc spicules, exelnslvely of planktonic inverle- 
hrates. I.ateral changes in the thickin^ss ami ag<‘ c»f the upis>r 



Prlda are compensnte<l for by changes in the thickness uiid age 
of the massive onjanlc-detrital carbonate rocks that form the 
low’er i«rt of the overlying Natchez Pass Formation. The upper 
Prida and |>art of the lower Natchez Pass are therefore Inter- 
pnded Hs interfiiigering facies of one antither. the upi>er Prida 
tsdiig the deiKisit that ai'cuiuulated farther from shore and in 
diH*i>er water. 

Within the Natchez Pa}*s Formation, wblrti forms the upper 
fonuatiun of the Star Peak Group, two members are rec(»gnized 
througbfHit most <»f the Hiiiiiholdt Kuiige. The low‘»^ member 
cvnsist.s mainly of massive thick and very thick bedded car- 
Imnate rocks except in the .southern )Mirt of the range, where 
roughly half of ita l,r»00-foot thiekiu'ss ia iiude up of mafic 
volcanic rocks. Farther north in (he range, where the lower 
Natchez Vann ta largely supidanted by the upi»er Prida, the 
thickness of the lower Natchez Pass is as little as 400 feet. 

The upper member of the Natchez Pass is about 1,(XM) feet 
thick vvberex'er re<*oguized in the Humboldt Kangi*. In most of 
the range, brown-wreatbering impure silty limestone forms its 
lower |Mirt and abruptly, ami iierhaps dlM'onformabty, overlies 
the lower inends*r. These impure Ilinestonesi grade ii|>ward into 
an ai>{»roxima(e]y equal thickness of mafMive thi(‘k-bedded rela- 
tively pure carbonate rfs?k n*f»**n»bllng that of the lower member. 

Although these two meml»ers cnniiot lie recognized among the 
structurally deformed I'arismate rocks of the Natchez Pass at 
the nortlK^asteni tip of the ningi*. about 400 feet of interbedded 
chert oonghsiierate. sandstone, and calcareous stltslom* in the 
middle luirt of the section there may be a (-oarse clastic e*|Uh*a- 
lent of the impure timestoue that forms the lower {sirt of the 
up|ier member farther south. 

j In the southeni |N)rf of the range, the Natchez Pass contains 
j foH.«ils tif probable early Kartdan (earliest Late Triassie) age 
In its middle |iar( and protiably lnclud<*s beds ranging from 
late l4i(llniaii to late Kamian in age. Farther north, where the 
lower Natchez Pass is thinnest, the formation may be entirely 
late Kimihiti in age. 

Overlying the Star P<*ak Group at Isith ends of the Humboldt 
I Uange is the Grass Valley Foniiutioti, whose eslimatis] thick- 
ness is a few* thousand feet. Hark chlorltt^bearing noncalcnre- 
I ous pelitic riK'ks and sandstone characterize the Grass Valley, 
which is iinfcHwiliferous exi-ept for o<*casionai plant remains. 
Sandstone InierlModded with the iielltle r*K*ks ncc'viiints for about 
one-third of the total thtckiwss and is of two generally dlfTerent 
kinds, The more ctunmon kind is dark thin-UMlde^I very fine 
grained mlenc«'<»us sandstone that oeenrs in laterally discon- 
tinuous units throughout the sei'tion. Redding surfaces, Imlh 
In the lIumiHildt Range and to the nortlieiist iti Hie Kiist Uuiigt*. 
eoinmonly b(»ar linguoid ri)i|i]e marks and other s4Hlimeiitury 
features that indicate unifomi northwest-trvMiding current di- 
re<*tioiis. liess iMiinmnn than the Impun^ sandstone is cli'ttii me- 
ditini^ained .sandstone. It occurs in laterally )K>rsistent units, 
generally a few* tens of fe<‘t thick, and may represent beach and 
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bar deiiottiU. The Oram Valley is similar in composition to 
much of the upper part of the lower Mesozoic section in north* 
western Nevada, in which rapidly deposited flne-^rained terri* 
genons clastic sedimentary rocks predominate. Regional faciea 
changes, composition, Mslimentary structures, and stratigraphic 
position between shatlow-water marine cart»onate rocks suggest 
that the (>rass Valley is part of a progradlng deltaic complex 
related to major river drainage that flowed into northwestern 
Nevada from the east. 

The upper part of the Grass Valley, together with younger 
rocks, is preaerved only in the Pershing mining district at the 
southern tip of the Humboldt Range. There, the upfiermost sev- 
eral hundred feet c»f the fonuation U repeated by large-sc?ale 
overturned folds. Unlike most of the Grass Valley, this upper 
part weathers orange and red. is (lartly calcareous, and locally 
contains marine fossils, including ammonites of early middle 
Norian (late LateTriassie) age. 

The Grass Valley grades upward Into carbonate rocks of the 
Dun Glen Formation, The Dun Glen ranges in thlckneaa from 
several tens of feet to a few hundred feet in the Pershing dis- 
trict, but is considerably thicker in mountain ranges farther east 
in northwestern Nevada. Moat of the I>nn Glen Is well-bedded 
masRlve limestone that locally contains a large and dlvcj^ as- 
semblage of shallow-water marine invertebrates and calcareous 
algae, ^'here the formation Is thickest. Its upper part consists 
of intraclastic limestone or dolomitic sedimentary bm.’da. 

The post-Dun Glen lower Mei^ozoir strata in the Pershing dis- 
trict are divided into two Informal map units, the lower of 
w'bich consists mainly of orange- and red-weathering partly 
calcareous pelitlc rocks, sUtstone, and sandstone resembling the 
uppermost Grass Valley Formation in the same area. Owing 
(o structural complications, the thickness of the lower unit of 
poat-Dun Glen strata is uncertain, but it is thought to be about 
2,000 feet. At one place a large ammonite fauna of late middle 
Norian age was obtained from near the base of the lower unit. 
In the part of the Pershing district where the underlying Dun 
Glen Formation is relatlvcLy thin, a cooirpicuoua unit of dolo- 
mite conglomerate up to 100 feet thick occurs a few hundred 
feet above the base of the lower unit of post-Dun Qlen strata. 
The mercury deposits of the Pershing district are largely re- 
stricted to this dolomite conglomerate and to the limestone and 
dolomite sedimentary breccia that forms the upper part of the 
thick Dun Glen sections in other parts of the district. 

The upper unit of post-Dun Glen strata Is lithologically bet- 
erogenous and includes a variety of calcareous slltstones and 
sandstones, limestones, and pelltic rocks having an aggregate ex- 
IKMed thickness of more than 1,000 feet. Upper Norian (upper 
(Tpper Triassic) ammonites and the pelecypod Monotin auh- 
cirr«lan> occur at wveral places in Its lower j»art. Ainmonltea 
indicative of both the lower and the upper parts of the Ixm*er 
Jurassic have also U>en found In Isolated extK)sures of strata 
that are Included In the iip|M*r unit and are the youngest pre- 
Tertiary strata In the Huml>oldt Range. 

INTRODUCTION 

The .Star Peak Group ami the other lower Mesozoic 
■Strata that overlie it form the “Wiiinemiicra •setjueiu'e” 
of Sillierliiijr ami Kolierts (lOfi'2), one of several dis- 
tinct sequences of Iarp>ly marine lower Me,sozoic nx'ks 
that characterize ditfereiit parts of northwestern Xe- 
vada. In the Ilumlxddt Kaiip-, who.se (p^ographic setting 



is sliown in figure 1, rocks of the “Witinemucca se- 
quence” aggregate more than 10,000 feet in thickness 
and, together with the underlying dominantly volcanic 
Koipato Group, form by far the largest part of the 
bedrock exposuies. 

The succession of lower Mesozoic rock units and their 
variations in thickness from one end of the range to the 
other are illustrated diagrammatically in figure 2. The 
age relations of these rock units are shown in figure 3. 

These lower Mesozoic strata of the “Winnemucca 
sequence” roughly encircle the central part of the Hum- 
boldt Kaiige and delineate its major structure, which is 
a large-scale much-deformed anticlinal fold whose axis 
strikes somewhat northeast of the general north trend 
of the range. Calcareous rocks of the Star Peak Grou|) — 
that is, the lower part of the “Winnemucca sequence” — 
border the range on either side and dip away from the 
older rocks of the Koipato Group that are in the anti- 
clinal core of the range. Toward either end of the range, 
.strata of the “Winnemucca sequence” are more widely 
and completely exposed. In the northern part of the 
range, they form the stucturally complex and partly 
overturned west limb of the major anticlinal structure, 
and at the smithem end of the range they wrap around 
the southward-plunging axis of this fold and are in- 
volved in northwest-trending folds that apparently 
truncate the major northeast-trending airticline. The 
higher parts of the “Winnemucca sequence” that overlie 
the Star Peak Group at the north end of the Humboldt 
Range are represented by (he Gra.ss Valley Formation : 
at the south end of the range they include the Grass 
Valley and Dun Glen Formations and still younger, 
unnamed lieds of latest Triassic and Early .lurassic age. 
As elsewhere, these higher parts of the “Winnemucca 
sequence,” though partly calcareous, are coni[x>sed 
mainly of fine-grained terrigenous cla.stic nx-ks. 

The Humboldt Range affords an unusually good op- 
ixjrtunity to study the “Winnemucca sequence" — [air- 
ticularly its lower part — because these rocks are con- 
tained in a single continuously exposed structural block 
nearly 40 miles long. Probably nowhere else in north- 
western Nevada can lateral changes among the scattered 
exposures of lower Mesozoic rocks be studied over so 
great a distance without risk of overlooking large-scale 
structural rearraiigemenl. .\nolher notable feature of 
(he “Winnemucca secpieuce" in the Humboldt Range 
is il.s generally more marine character In comparison 
with the related rock.s in the ranges to the east. Thus, 
marine faunas foiiml in the Huiulx)ld( Range provide 
relatively precise age a,s.sigumeiit.s for .several differeiK 
parts of the "Winnemucca sequence" whose ages else- 
where have txH?n uueertain. 
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Pioutt 1. — Location of the Humboldt Ran^ and the Imlaj, TTnlonville. and Buffalo Mountain quadrangles In 

relation to other nearbj ge<vraphic features referred to In text. 
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FIKLDWOSK AlTD OEOLOOIC KAPFINO 

The present re[)ort stems from two htrj^r progrants, 
one concerne<l with the geology and mineral de|x>sit» of 
the Buffalo Mountain, L’nionville, and Imlny 1 : 62,500 
quadrangles, and a second coni'erntal with the Triassic 
System in North America. Fieldwork in the Humboldt 
Range was done by the writers and H. B. Talha-k largely 
during the summers of 10.56-.i9 but al.so during sul>se- [ 
quent shorter visits to the area. [ 

The part of the Humboldt Range that lies within the 1 
Imlay quadrangle, including the tyiH- locality of the , 
Star Peak Hroup, was mappeel geologically on field 
sheets at a scale of 1 : 24,000. Those areas where rocks ' 
of the “Winnemucea .sequence" crop out in the north- 
eastern and smitheasteni parts of the range within the 
Unionville quadrangle were mapped on field sheets at 
1:12,000; el.sewhere in this quadrangle, mapping was 
at a scale of 1 : 48,000. Likewise, the areas of "Winne- 
mucca sequence" outcrop in the sout hea.stern |>art of the 
range within the Buffalo Mountain quadrangle, as well 
as parts of the Pershing district within this quadrangle, 
were mapped in the field at 1 : 12,000; the other partsof 
the Buffalo Mountain quadrangle were map|)ed at 
1:48,000. 

This mapping, which documents the pre.sent strati- I 
graphic study, is incorporated in the .separately pub- 
lishetl geologic quadrangle map of the Imlay quad- 
rangle (Sillierling and Wallace, 1967) and in the yet un- 
published I'nionville and Buffalo Mountain quadrangle 
maps being prepared by R. E. Wallace, N. .1. Silber- 
ling, and D. B. Tatlock. The geologic quadrangle tnajis 
of the Buffalo Mountain and Unionville quadrangles are 
to supersede the preliminary geologic maps of these 
areas published previously (Wallace and others, lO-TO, 
I960). 

Most of the stratigraphic thicknesses given in the 
descriptions of these lower Mesozoic strata are basesl on 
the geologic-map relations of the strata. For the most 
part, detailed mea.sured sections of the rocks are mean- 
ingle.ss, as the units are thick, monotonously uniform 
and lacking marker horizons, and locally poorly exposed 
and structurally complex. 

ACKHowLEDorntra | 

Previous geologic re,search that touched on .some as- 
|M>ct of the "WinnemuccB sequence" in the Ilumlioldt 
Range began with the pioneer studies of the 40th Par- i 
allel Suney (Hague and Emmons, 1877; King, 1878) 1 
and includeii studies by Hyatt and Smith (190.5), Ran- 
some (1909). Smith (1914) and Knopf (1924). Tlie re- 
|xirf. by Cameron (1939) concerning the geology of a 



large area in the northeastern part of the range was 
e.specially helpful. 

The Hunilwldt Range is one of the few st rat igraphi- 
cally significant areas that escai>ed rigorous study by 
Hr. S. W. Muller, of Stanford University and the U.S. 
Heological Survey, during his researches on the lower 
Me.sozoic of northwestern Nevada. Nevertheless, Pro- 
fessor Muller gave considerable aid — baaed on his re- 
connaissance in various parts of the range — in directing 
the writers to localities of critical geologic and paleon- 
tologic interest. 

Dr. Stanislaw Dzutynski, of the Polish Academy of 
Sciences, visited various exposures of the Gra.ss Valley 
Formation and related rocks in the vicinity of the Hum- 
boldt Range during 1958 in company with Sillterling. 
His help in interpreting the dejjositional history of these 
rocks is gratefully acknowledged. 

Hr. E. T. Tozer, of the Geological Survey of Canada, 
provided invaluable advice on the identification and 
age a-ssignment of the Triassic mollu.scan faunas at 
various times during the course of this study and dur- 
ing a visit to the area in 1964. 

TEBXrROLOOT 

The conventions of terminology used in the following 
stratigraphic descriptions are those proposed by Went- 
worth (1922) for the grain size of clastic sedimentary 
rocks, by Goddard and others (1948) for rock colors, 
and by Ingram (19.54) for the thickness of stratifica- 
tion and parting units in .sedimentary rocks. The term 
“massive” is applied to rocks characterized bj’ relatively^ 
thick l>eds that lack apparent internal compositional 
variations or stnictiires. 

Most of the lower Mesozoic carlwnate rocks of tlie 
Hunrlmldt Range have undergone some degree of recrys- 
tallization, but insofar as possible the terminology 
used for limestones follows the classification of Folk 
(1959, 1962), and the crystallinity of carixmate rocks 
is exprc.sfse<l according to the scheme recommended by 
Folk (1962). 

All U.S. Geological Survey Mesozoic fossil localities 
in the Humimidt Range that are cited by number in the 
text are either plottetl on the geologic quadrangle maps 
or related on plate 1 to plotted localities. 

STAR PEAK GROUP 

The Star Peak Group, for which Star Peak in the 
northern Humboldt Range is the type locality, com- 
prises the |ire<lominanlly ntlcareous Prida and Natchez. 
Pass Formal ion.s, whose typical exposure.s are in the 
Ea.st Range. In the Hundwidt Range these formations 
are locally nearly 4,000 feel in combined tliickiiess and 
range fmm latest Early Triassic, to medial Ijite Trias- 
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sic in age. The Prida Formation rests imconformably 
on the Koipato Group, and its lower part consists ot 
impure carbonate rocks and calcaiwiis clastic rocks 
■whose composition and thickness vary from place to 
place. Laminated cherty limestone ami dolomite form 
most of the iipjier i>art of the Prida, whose thickness 
ranges greatly in the Hnmholdt Range and varies in- 
versely with the thickness of the lower part of the over- 
lying Natchez Pa.ss Formation. Massive thick-liedded 
orgiuiic-detrital carlamate rwks characterize the 
Natchez Pass, but generally siilKmlinate ainount.s of 
volcanic rocks, terrigenoti.s clastic rocks, and impure 
limestone are also present, particularly in its middle 
part. Mafic volcanic rocks ami relatcal dikes occur at 
various levels within the Star Peak Grou|). hut they 
add little to its thickness exce|>t in the s<nithwestem 
part of the range, where volcanic flows, tuffs, and hrer'- 
cias constitute about half of the Natchez Puss Forma- 
tion. 

The Star Peak was originally described in the reports 
of the 40th parallel survey by King (1878, p. 269, 273- 
277) and Hague and Emmons (1877, p. 723-727) as 
a group consisting of an alternating succession of three 
thick limestone units and three equally thick quartzite 
units. These were thought to represent the upper part 
of the Triassic, to total nearly 10,000 feet in thickness, 
and to conformably overlie the Koipato Group, which 
was described as a thick succession of argillites, quart- 
zites, and their metamorphic equivalents. The lowest 
unit of the Star Peak was descrihed as the limestone 
resting on the Koipato near the mouth of Star Canyon 
on the east side of the range. Successively higher units 
were recognized westward up to the crest of the range, 
and the highest quartzite unit of the Star Peak was said 
to occupy the upper jtart of Humboldt Canyon on the 
west side of the range. This quartzite unit, in turn, was 
thought to Ije confonnably overlain toward the mouth 
of Humboldt Canyon by a limestone unit and a slate 
unit, both of which were dated as Jurassic. 

The section of the .Star Peak as described by King and 
Hague and Emmons was briefly commented ui>on by 
Hyatt and Smith (1905, p. 21), who pointed out that 
unrecognized repetition by faulting had resulted in an 
exaggeration of the thickness of the section. Ransome 
(P.K)9, p. 32) noted that considerable revision of the 
original description was needed and was the first to 
recognize the dominantly volcanic character of Imth 
the Koipato and the “quartzite" units included in the 
typical section of the Star Peak. 

The .Star Peak Formation was revised by Cameron 
( 1939, p. 580-583) on the basis of reconnaissance gecj- 
logic mapping in the northeastern part of the Humboldt 
Range. Cameron demonstrated that the “quartzite" 



' units originally included in the Star Peak represent 
! Koipato volcanic rocks repeated by strike faulting, and 
the Star Peak was redefined a.s comprising the mainly 
calcareous Middle and T’pper Tria.ssic strata overlying 
the Koipato. Recognizing that the upper limit of the 
I Star Peak is not exposed in the area studietl by him, 
Cameron selected as the most complete sequence the 
limestones exposed on the east face of Star Peak from 
1 the outcrops of the Koipato in American Basin up to 
' the .summit (fig. 4). This sequence was described ns a 
continuous section formed by three successive lime.stone 
members with a total exposed thickne.ss of alx)ut 3,600 
feet, but subsequent mapping with the advantage of 
more stratigraphic and structural control from .sur- 
rounding areas showed that these limestones on the ea.st 
side of Star Peak are both broken by faults and partly 
repeated by a large fold. In fact, in the northern part of 
' the Humboldt Range no continuous section of the car- 
bonate rocks included here in the Star Peak Group is 
i e.xpo.scd, nor has a reliable composite section of the entire 
] group been pieced together, owing to the scarcity of 
marker beds within the thick section and to the complex 
structure. 

The Star Peak “group" of King or “formation” of 
Cameron in it.s type area is thus not amenable to revi- 
sion in terms of a standard section ; fortunately, the need 
for adequately defined units of formation rank in this 
part of the section is fulfilled by the Prida and Natchez 
Pass Formations established by Muller, Ferguson, and 
Roberts (1951) for exposures in the nearby ranges to 
the east. Tlie.se formations are readily recognized in the 
Humboldt Range, thougli some notable lateral variations 
exist. As the various limestone exposures originally 
included in the .Star Peak are all a.ssignable to parts of 
the Prida or Natchez Pass Formations, the name Star 
Peak is retained in this paper for a group embracing 
these two formations. This is a natural grouping and 
emphasizes the contrast lietween the.se predominantly 
calcareous formations and the overlying lower Mesozoic 
format ions, which are composed mainly of fine-grained 
terrigenous clastic rwks. 

In the Humboldt Range, as in the ranges farther east, 
the .Star Peak Group is confonnably overlain by the 
Grass Valley Foimation composed of metaiielitic rocks 
and sandstones of medial I.ate Triassic age. The so- 
called .Jurassic limestone that in the interpretation of 
King (1878, p. 294-295) was supposed to overlie the 
highest “quartzite" unit of the “Star Peak Tria.ssic" in 
Humboldt Canyon is, like the lime.stone units within 
King's Star Peak “group," a structural mixture of dif- 
ferent parts of the Prida and Natchez Pa.ss Formations. 
The “.Tura-ssic slates," which in turn were thought to 
overlie this so-called .Jurassic limestone unit, belong to 
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Figure 4.— ESant llsnk of Star Peak. Rocka expoord fonii part of the Star Peak tjroup an oriftInallT dew'iitied by King ( 1K7K> and 
were suboequcntlj uned by Cameron (1P3D) aa the baalH for redefinition of the group. Rock unita aa labeieel are: Rocheater 
Rhyolite Prida Formation, compriaing the tower memlter (Upt) and niiddte member (1ipm).or the undifferentiated tower 
and middle membera ('kplm), and the ni>per member Ckpu); Natchex Paaa Formation, including the lower member Ool) 
and upper member (Unu) : and Quaternary older allaTlal depoalta (Qool. 



the Grass Vallej’ Formation, Thus the rocks upon which 
King (1S78, p, 269) based his stalenieiit that in the 
Humboldt Range “the Trias and the Jura are |>erfectly 
conformable’’ actually have no bearing on the Triassic- 
.riira,ssic boundary, 

PRIDA FORKATION 

The Prida Formation os I'stablished by Muller, Fer- 
guson, and Roberts (1051) has the northeastern East 
Range as its type locality, Tlie somewhat deformed and 
laterally variable st-ction in the East Range lias not lieen 
descrilted in detail, but in general the Prida at its type 
locality includes (1) a lower unit that consists of 10-50 
feet of basal sandstone and conglomerate, derived from 



the underlying Koipato Formation, overlain by 50-100 
feet of brown-weathering massive silty and sandy dolo- 
mite; (2) a middle unit of about 150 feet of calcareous 
shale and silt.stono with interbeds of gray limestone,; and 
(8) an upper unit of about 100 feet of regularly bedded 
dark-gray cherty limestone transitional into the over- 
lying mostly massive dolomite and limestone of the 
Natchez Pa-ss Formation, 

In the Humboldt Range, exposures of the Prida For- 
mation almost encircle the rocks of tlie Koipato Group 
that occupy the core of the broad anticlinal fold in the 
central part of the range. The Prida crops out intennit- 
tently along the southeast flank of the range from 
American t'anyon .south to Fisher Canyon; from there 
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it swings westward, crosses Black Ridge in a narrow 
outcrop band, and then continues from the north end of 
Packard Flat northward along the west flank of the 
range. North of the latitude of Rockj’ Canyon, in the 
northeni part of tlie Unionville quadrangle and in the 
Imlay quadrangle, the Prida is widely exposed in the 
higher parts of the range, where it forms part of the 
structurally complex northwestern limb of the same 
large-scale anticlinal fold. 

In the southern part of the Humboldt Range — for 
example, on the east slo|^ of Black Ridge within the 
Buffalo Mountain quadrangle — the lithologic succession 
and thickness of the Prida Formation are about the 
same as in its type area in the northeastern East Range. 
Though not everywhere shown on the geologic map, 
three informal subdivisions, tenned the lower, middle, 
and upper meml)ers can I>e recognizeil ; these correspond 
to the three units given for the type locality. In this 
part of the Humboldt Range, as in the northern Ea.st 
Range, the Prida is wholly Middle Triassic, ranging 
from late Anisian to Ladinian in age. (See fig. 3.) 

Farther north in the Humboldt Range, the thickness 
of the Prida increases markeelly and progre.ssively, at- 
taining a maximum of over "2,.500 feet in the nort liwe.st- 
em part of the range. Although the same, three mem- 
bers can t)e recognized, the gross aspect of the forma- 
tion differs considerably from that farther south in the 
Humboldt Range or in the Ea.st Range owing to pro- 
tiounced differences in the relative thickness of the dif- 
ferent members. Several hundred feet of this increase 
in thickness within the Humboldt Range results from 
lateral variations in the lower and middle members; 
these variations reflect the configuration of the pree.xist- 
ing crosional .surface of the underlying Koipato Group. 
I.ocally, in the northern part of the range, deposition 
of the Prida began as early as the Spathian (latest 
Early Triassic), and the lower and middle members are 
each as much as 400 feet thick. Most of the increase in 
thickness of the formation, however, results from thick- 
ening of the upi)er memlier at the cxpen.se of the over- 
lying Natchez Pa.ss Formation. (See fig. 2.) The thick 
sequence of dark laminated cherty limestone that forms 
the upi>er member of the Prida includes beds as young 
as earliest Karnian (earliest Late Triassic) in the north- 
western part of the range and is interjjreted to be in 
large part a relatively offshore, deeper water fai’ies of 
the massive cariionate rocks that form the lower part 
of the Natchez Pa.ss Formation and have their great- 
est thickness in the southent part of the range. 

The Prida Formation in the Humboldt Range, like 
that in the nearby ranges to the east ( Muller and others, 
19.51 ; Ferguson and others, IQ.'il), rests uncon formably 
on the Koipato Group. Angular discoixlance is shown by 



I gradual truncation of units within the Koipato beneath 
the unconformity, but the amount of di.scordancc is too 
small for measurement in any one exposure. At many 
places in the range, the basal beds of the Prida are con- 
glomerate and sandstone composed of detritus from the 
underlying Koipato, and they are indicative of a period 
of erosion precetling deposition of the Star Peak Group 
as noted by Wheeler (1939, p. 106-107) and Cameron 
(1939, p. 580). Starting with King (1878, p. 269), early 
workers were ijifluenwd by the lack of olrvious dis- 
cordance between the Koipato and Star Peak and were 
mi.sled by the inclusion of fault slivers of Koipato rocks 
in the typical Star Peak section. Consequently, they re- 
garded the two sequences as conformable luid assigned 
the Koipato to the lower part of the Triassic. The strong 
argument by Knopf (1924, p. 30) for conformity be- 
tween, and even contemporaneity of the limestones of 
the Star Peak and volcanic rocks of the underlying 
Koi|>alo was based on eximsures on the west flank of 
Black Ridge, where the nature of the contact between 
these groups is indeed deceiving. Here, the Weaver 
Rhyolite at the top of the Koipato includes a thick clas- 
tic unit that is unique in containing a few beds of lime- 
stone; the highest unit of the Weaver is a mixture of 
rhyolite felsite and clastic rocks indistinguishable from 
the sheared basal elastics of the Prida ; the section of 
the Prida is the thinnest in the range; and most of the 
overlying Natchez Pa-ss Fonnation is composed of vol- 
canic flows, breccias, and tuffs rather than the carbonate 
rock more characteristic of the formation. All of these 
units, however, can be traced northeastward to the ea.st 
side of the range, where the unconformable relation be- 
tween the Prida Formation and the underlying Weaver 
Rhyolite is more apparent. Beneath the Prida near the 
mouth of Fisher Canyon the highe.st unit of the Weaver 
is a rhyolite felsite which is successively underlain by a 
cla.stic unit, another felsite unit, and another clastic, unit. 
On the north side of Troy Canyon, 2 miles farther 
north, the up()er felsite unit is absent, and the Prida 
rests on the underlying upper clastic unit. Between Troy 
and South American Canyons, this upper clastic unit 
in turn thins northward beneath the unconformity until 
it feathers out, and the Prida ultimately rests on the 
lower felsite unit. This progres.sivc tnmeation of the 
Koipato agrees with the general tnmd, first oliserved 
by Cameron (1939, p. .579), for the Star Peak Group to 
])rogressively overlie stratigraphically lower parts of 
the Koipato toward the north end of the range. 

Only several hundred feet of the Rochester Rhyolite 
separates the Prida Formation from greenstones a.s- 
signed to the lowe.st formation of the Koipato Group, 
the Limerick Greenstone, in the northeastern ]>art of 
the range, whereas a thick section of Rochester Rhyo- 
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lite iiiulerlies tlie Prida in tlie central i>nrt, of the range ; 
at the south end of the range, both the Rochester and 
the overlying IVeaver Rhyolite, which total several 
thoiis4tn<l feet, intervene between the Limerick Green- 
stone and the base of the Star Peak Group, Consider- 
able erosion of the Koipato Group in the northern Hum- 
boldt Range prior to deposition of the Prida Formation 
is further .suggested by e.\|>osures in and around Hun>- 
lioldt Canyon, where the Prida re.sts Iwth on the Ro- 
chester Rhyolite and on sills of rhyolite prophyry within 
the Rocliester that are interpreted ns feeder dikes for 
higher i)arts of the Koipato Group such as the Weaver 
Rhyolite at the south end of the range. The. greater depth 
to which the Koipato in the northern jiart of the range 
was enaled prior to Star Peak deposition, together with 
the general north to south transgression of the Star 
Peak over the eroded surface of the Koipato, results in 
a .somewhat different stratigraphic hiatus at the uncon- 
formity between the Star Peak and Koipato Groups in 
different parts of the range. To the north, the hiatus rep- 
resents latest Permian to late Early Triassic time, but 
to the south it represents early Early Triassic to early 
Middle Triassic time. 

LITHOLOGIC DESCRIPTION 
LOWER SIEMItER 

The lower member of the Prida Formation shows 
markeil lateral variations in thickness, composition, and 
age within the Humboldt Range. (See pi. 2.) These 
variations reflect a general southward transgression of 
the Star Peak seas across the eroded surface of the Koi- 
jiato Group, nixm which local topographic highs stood 
as island.s or penin.sulas during the initial phases of 
Prida de|>osition. 

Though lithologically hetergeneous, the lower mem- 
l)or consists mainly of calcareous and dolomitic silLstone 
and sandstone or silty and .sandy limestone and dolo- 
mite, the relative profHjrtions varying from place to 
place. Xoncalcai-eous terrigenous clastic rocks and con- 
glomerate are generally confined to the ba.sal part of 
the memlH-r and i-arely exceed a few lens of feet in 
thieknes-s. Relatively pure carljonate rocks form a minor 
part of the thicker sections, and volcanic rocks are found 
within the lower memlier in one small i>arl of the Hura- 
Ixildt Range. 

The more abrupt lateral changes in the lower memlx-r 
occur in the northern part of the Huniimldt Range, 
where the memlier wjis fii-st de|)osited and attains it-s 
greatest thicknes.s and yet locally is largely cut out 
against two prominent higlvs on the Koipato basement. 
One of these basement highs is in the northwe.stern part 
of the range and is centered around the head of Star 
Canyon and the iip|a.‘r parts of Hnmlmldt and Imlay 
CanyoiLs, and the other e.xtends through the Arizona 



mine area near Fnionville on the east side of the north- 
central i»art of the nuige. For brevity, these feature.s 
are termed, resiiei-tively, tlie Star-Humlmldt liasement 
high and the Arizona bn.sement high. Their configura- 
tions, as indicated by lateral variations in the thick- 
nes.s of the lower memlier of the Prida Formation, are 
1 shown in figure 9. (See section on iialeogeographic in- 
teqiretation, p. 25.) 

Away from these basement highs, thick sections of the 
I lower memlier of the Prida cnip tmt in two separate 
I area.s in the northern part of the range: along the ea-«t 
flank from Ruena Vista Canyon northward, and on 
the we.st side of the range lietwcen Ryepiitch and Eldo- 
j nido Canyons. In both of these outcrop areas, the char- 
I inter of the lower memlier is generally alike; presum- 
ably this relatively thick lower Prida section is con- 
tinuous across the range, although the lower memlier 
is <-once«led lieneath younger Star Peak rocks at the 
head of Coyote and Ruffalo Canyons lietween the Star- 
Hiimboldt and Arizona basement highs. 

The lower Prida sections on both sides of the range 
arc as much os 400 feet thick and are composed of three 
di.stinct lithologic units ; a basal unit of terrigenous clas- 
tic rocks, an intermediate unit of carlxinate rocks, and 
an upiier, distinctive brown-weathering calcareous sand- 
■stone and siltstone termed the brown calcareous sand- 
stone unit. Of these, the basal clastic unit ranges in 
thickness from several feet to about 100 feet. Well strat- 
ified noncalcareous sandstone is prevalent in addition 
to poorly sorted grit and fine-grained conglomerate 
composed of debris from the underlying Koipato. The 
basal elastics are thickest and coarsest in grain size near 
the highs on the surface of the underlying Koipato. The 
coarse.st elastics were observed at the base of the lower 
member near the mouth of the North Fork of Straight 
Canyon on the northwest flank of the Arizona basement 
high. Here, much of the ba-sal clastic unit is a boulder 
conglomerate formed of flow-bonded rhyolite felsite 
from the locally underlying Rochester Rhyolite. 

The carbonate unit, above the basal clastic unit, at- 
tains a ma.\imimi thickness of about 300 feet near the 
east front of the range lietween Coyote and Bloody 
Canyons. It is variable in composition but consist.s 
largely of silty or .sandy gray limestone irregularly 
interbedded with subordinate units of yellow-brown or 
reddish-brown calcareous siltstone and .sandstone. Com- 
monly, the limestone is crystalline and coarse graineil, 
but some lieds or.concretions of fossil iferous dense argil- 
laceous limestone are locally included. Near the liuse- 
meiit highs — for e.xample, in the vicinity of Congres-s 
Canyon— the carbonate unit is thinner and somewhat 
inlergradational with the underlying basal clastic unit. 
The carbonate unit here consists mainly of thick-liedded 
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dolomite Imving sand- or even grit-size<l terrigenous 
clastic impurities and interlwds. Fossils from this unit 
suggest that a disconfonnity exists within the unit in 
the vicinity of John Brown Canyon and that its up|)er 
part is progressively cut out toward the Arizona base- 
ment high. 

The brown calcareous .suud.stone unit forms the high- 
est part of the thickened lower meinher in the northern 
part of the range and consists of massive calcareous or 
<lolomitic siltstone and very fine gniined saiulstone that 
weathers pale reddish brown and yellowi.sh brown. These 
rocks characteri.stically part at a high angle to the bed- 
ding and form a distinctive brown slabby talus (fig. 5) 
that is conspicuous at a numberof places in the northern 
part of the range. The hrown calcareous sandstone unit 
is nearly 300 foot thick in Congress Canyon, where inter- 
lietls and irregular patches of gray limestone form an 
appreciable part of its upi>er half, but farther away 
from the Arizona ha-sement high it is mo.stly alxuit UK) 
feet thick. Paleontologic evidence .shows that most of 
this thinning results from interfingering of the higher 
parts of the brown calcareous sandstone unit into the 
lower i>art of the middle meinlter of the Prida Forma- 
tion. (See pi. 1.) 

Some of the hitenil variation in lithologic, characters 
and thickness that takes place within the three .succes- 
sive units that form the thick lower member in the 
northern part of the range as they are traced toward 




FTucke j. — TatUH characteristic of the tn-ou-ii calcareniis .soml- 
stoiie unit ttiiit hH-ally forms the toj) nf tile l^twcr meinlier of the 
Pritla Kormation in the itorthern luirt «>f tile lluinlstidt Kniute. 
East side of Congress CanFoa near Ita mouth. 



the preexisting topographic highs on the Koipato sur- 
face have lieeit descrilietl itbove. Near the liasemcnt 
higlhs. these tinits abruptly lose their indivitluality and 
at least hwally are replaced by partly calcareotis sand- 
stone and conglomerate that lai>s up against the highs. 
On the east side of tlie range, this type of lateral change 
is well shown by the lower member in Star Canyon. 
Near the moutb of the canyon, the basal cla.stic unit, the 
carlxmate unit, iind the brown calcareous sandstone unit 
aggregiite nearly 4IK) feet in thickne.s.s. f'p the canyon, 
toward the Star- Humboldt Im.senient high, I hey thin and 
in less than half a mile are replaced in the ser'tion near 
the Sheba and DeSoto mines by about ilK) feet of sand- 
stone and grit that includes, in the upiier imrt, inter- 
l>edde<l lenticular units of sandy limestone as much as 
several feet thick. Middle Anisian ammonites from the 
basal beds of the overlying middle member of the Prida 
here are like those that occur nearly 300 feet above the 
lop of the lower memlier near the mouth of .Star Can- 
yon; hence, an appreciable amount of trnn.sgression 
evidently accom|>anies this lateral lithologic change. 
Still farther west, on the range crest between the heads 
of .Star and Humboldt Canyons and on top of the Star- 
Huniboldt iNisement high, the entire lower member con- 
sists of oidy a few tens of feel of Koipato-derived elas- 
tics and brown-weathering silty dolomite. -Vs jioorly 
|)i-eserved fossils of probable late .Vnisian age occur just 
aliove in the middle member, the lower meinlwr here 
may l>e wholly younger than the thick lower Prida 
section on the east flank of the range. 

The lateral changes within the lower memlier of the 
Prida as it is traced from its extensive exposures on the 
west side of the range in Panther, Kcho, and Buffalo 
Canyons southeastward acro.ss the range crest toward 
the .\rizona basement high are unique in that malic vol- 
canic rocks are included in the sections alongside the 
basement high. At the head of Kcho Canyon, a thick lens 
of melavolcanic ruck fragments in a dolomitic matrix 
occurs within impui'e dolomite and limestone of the 
carbonate unit of the lower member, and at the head of 
Panther Canyon a thin flow of mafic melavolcanic rock 
intervenes at about this same level in the section. .Vboiit 
H/4 miles further south along the range crest, near 
"Wright Peak" (VABM S88i), vesicular mafic nieta- 
volcanic rocks form the entire up|)er part of the lower 
nieniWr, supplant the brown calcnr(s)us sand.stone unit, 
and direi lly underlie the middle meiulH-r of the Prida. 
The extrusive nature of these volcanic i(M-ks is clearly 
shown by the intimate mixttire of brecciated auiygda- 
loidal volcanic fragments and brown-weathering .silly 
dolomite like that which underlies the volcanic ris-ks 
(tig. (1). -Vt the next ex|«)sure to the east, alsmt 1 mile 
di.stanl, at Fourth of July Flat, mafic metavolcanic 
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Florae 6. — Weathered block compofied partly nf vetdrular and 
amy^daloidal mafic metarolcanie rock (lower parti and 
fMirtljr of Impure willy dolomite (upiier part). I>^wpr member 
of the I’rida Formation on the ranee creat about half a mile 
nortbweiit of "Wrijfht Peak" ( VABM 8S82). 

rocks again form inucli of tlie lower member, but here 
basal elastics are absent and the volcanic unit is overlain 
by al)out 20 feet of noncalcaiwus grit and sandstone. 
Tlie clastic unit that forms the top of the lower member 
can be traced eastward to the vicinity of the Arizona, 
In.skip, and Wheeler mines, where it becomes the basal 
clastic unit of a greatly thinned (total ft) lower 

meinlier consisting of basal clastic nx'ks overlain by 
impure dolomite. Tliu.s, metavolcanic i*ocks in the lower 
nipiiiber intertongue nortlnvestwanl from Fourth of 
July Flat with a thick nonvolcanic lower member, but 
ea.<t of Kouith of July Flat, they abruptly lap up 
against tlie west slope of the Arizona basement high. 
Tlie east slope of this Ixisenient high i.s nmrke<l by the 
rapid progrex-sive thickening of the lower meml)er east- 
ward from the .Vrizonn mine aiva on the .spur Udween 
Jackson and Hueiia Vista ('anyons. Both tlie strati- 
graphic relation.s ami the paleonlologiral evidence indi- 
cate that deposition of the lower inemlxr ato(> the Ari- 
zona has4Mneiit high l>egan after most or all of tin* thi<‘ker 
s4*ction of the low<*r itiemUM' tf> tlie west, north, and 
northeast ha<l alreaily lH*en b)riiied. 

S»»ulli of ( VdtonwocMl (’anyon, wliicli limits the south- 
ward e.xleiit the Frida outcrops in the vicinity of the 
.\rizofia group of mines, the hover part of the foniiation 
is luit exposed on the east side of the range for nearly 10 



miles. Unfortunately, exposures of the Prida along the 
west margin of the central part of the range are too 
deformed and altered for meaningful stratigraphic 
comparison. Nevertheless, the lower member of the 
Prida in the southern part of the range south of Amer- 
ican Canyon is generally like timt in (he Arizona mine 
area and is probably not a temi>ora1 equivalent of the 
thick lower member in the more northerly parts of the 
range. (See pi. 2.) 

In the southeni part of tlie range, the lower member is 
fairly uniform from place to place and comprises basal 
c1a.stics overlain by silty and sandy dolomitic and cal- 
careous rocks. The principal lateral variations are in 
thickness, which ranges from about 150 feet on the east 
side of the range t«> only a few feet on the west side of 
Black Ridge. Tlie basal clastic unit in the vicinity of 
.South American and Troy (,’anyons is giMierally le.ss 
than 10 feet thick, hut on the south .side of Fisher Caii- 
3’on its thickness varies witliin a few Immlred yards 
along the strike from .several feet to several tens of feet. 
These noncalcareous clastic ro<*k.s ai*e commonly |>ebl)ly 
grit- of poorly rounded Koipalo fmgments whose white 
and brown colors impart a characteristic mottled 
appearance to fresh surfaces. SuWuhedral detrital crys- 
tals of quartz and feldspar, pnibnbly derived from a 
part of (he Koipnto such as the Weaver |K)r)»byritic 
rhyolite, form an appreciable part of tlie (‘oarse sand 
grain.s. In phu'es, well-stratitied sandstone interlen.ses 
with those poorly sorted cla.stics, and the thicker siHTions 
include conglomerate of rounded |>el»l)les up to 2 inebe^i 
in diameter. 

Al)ove the basal clastic unit the greater part of the 
lower memlicr in tlie .southern ]>nrt of the range is 
slightly silty Hne-gi*aincd dolomite that is medium gray 
on fresh surfaces, weathers a distinctive t>ale yellowish 
brown, and locally contains nodular lenses of dark chert. 
These rwks tend to W massive, hut in places they alter- 
nate with jdaty-weatliering gray, pinkisli-gray. or yel- 
lowish-brown silty or .sandy limestone and dolomitic 
sillstone. \n unusual occiiiTence in (lie lower nieiiil>er 
in several different fault hUwks north of Troy Canyon 
is a several-f(H)t -thick heil of closely packe<l gray lime- 
stone sphere> in a brown sandy dolomitic limestone 
matrix. Th<‘-4‘ spherical Inxlies, 10-20 mm in diameter, 
consist of an outer rim of tine-grained crystalline calcite 
surrounding a »*oarsely ciTslalline sparry calcite inte- 
rior. Their s]ia{H\ and j‘oiii|Misiiion suggest (rirr^t- 
algae wIiom* finer st rncture has l)een obliterate*! 
by riKTystalli/Jition. The highest lirown- weathering 
*loloiiiiti** rocks of the lower iiiemlH*r between Troy and 
American ('anyons are distinctive in that they <a>ntuin 
M-ailere*! graimli^ and coarse grains of liglit-coloivd 
sIliciMMis K*)ipato fragments. Relatively coarst* grained 
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teiTifTPiious detrilus also apjjpars in this part of the 
I’rida in Fisher Canyon, wheiv coarse-frrained dolomitic , 
sajulstoiie loonlly fonns the fop of the lower member. [ 

Mianu: membhr | 

The middle member of the Prida Formation, unlike | 
the lower member, is relatively uniform in lithologic 
character both vertically and laterally. It thickens jiro- 
gres-sively from a few tens of feet in the .<iouthem part 
of the Humboldt Range to several hundred feet in the | 
northeni part of the ninge as a result of the inclusion of I 
older beds at the base of the middle member northward. ^ 
The Star-Humlmldt and Arizona basement highs, which 
so i>rofoundly influenced the character of the lower 
tnemlier of the Prida in the northeni part of the range, 
also affected dei>osition of the middle member. Tliree ! 
hundred feet or more of the middle member along the ■ 
east edge of the range north of Coyote Canyon was de- 
jHisited before deposition of the middle member atop , 
these basement highs commenced. 

The middle inemlier c-onsists of laterally discontinuous 
thin- and meditim-liedded medium- to dark-gray lime- 
stone that rarely forms units more than a few feet thick 
and is interliedded with calcareous silty shale and yel- 
lowish-brown or pinkish-gray very thin bedded calcar- 
eous siltstone. Locally the limestone is highl 3 ' fossilifer- 
ous and fonned in large part of more or less fragmentary ' 
shells of cephalopods and, in the higher parts of the 
section, of the Jiclecypod DaonrVn. In weathered surface 
debris, limestone float predominates, but the interliedded 
argillaceous and silty rocks actually form more than 
two-thirds of the .section. Although the limestone is fine 
grained, it is completely recrystallized; and the mollus- 
can shell material is coarsel.v crj'stalline. even where 
fossil preservation is relatively good. 

Five sample.s of black fos.siliferous limestone from 
the middle mendier in the vicinity of Fossil Hill were 
included in the survej- of eaidion and oxygen isotopic 
coni|K>sition of lime.stune.s by Keith and IVela'r (1904). j 
Three of these sami>les had nnomnlously low C‘* : C” i 
ratios in comparison with average* marine limestones; , 
the other two .samples allowed the .sjime tendency to a 
lesser degrei*. Keith and tVolier suggested that the rela- 
tively low C'^ content of carlamate rocks of this kind 
results from de|sisition in an environment characterized 
by an abundance of decaying organic mutter and re- ' 
stricterl cimilation. 

.V conspicuous stniligraphic marker within the mid- 
ille memlier in the southern |»art of the range is a unit I 
alamt Itt feet thick of massive brown-weathering me- I 
dinin- tothick-beddtal sand}' lime.stone. This unit, which 
corresiKinds to the ilyinniitmi nm ihmiii lieds of the 
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Gymnotoctnu meek! Zone, ocicurs near the toj) of the 
memlier in the vicinity of Fossil Hill Ix-tween Soutli 
American and Troy Canyons, where the middle mem- 
Iwr is l,'i(>-200 feet thick, and near the middle of the 
thinner sectioti of the member in Fisher Canyon. Ex- 
amined microscopically, the sandy detritus can lie rec- 
ognized ns rhyolitic debris, but [lartial replacement by 
calcite has (■ompletely obliterated the original grain 
laiundaries, and silica has lieen redistributed througli- 
ont the nx-k in irregular jaitches of microcry.stalline 
quartz which may in places replace the original car- 
bonate. 

The lunliu't lietween the middle and upper memliers 
of the Prida is gradational through a few terns of feet 
and is marked by transition upward to darker gray 
regularly liedde<l commonly clierty carbonate rocks that 
generally lack argillaceous and silty interiied.s. Where 
shearing and alteration is intense, .separation of tlie 
middle and uiiper memliers is difficult; in places on the 
west flank of the range, no attempt was made to dif- 
ferentiate them on the geologic map. 

ceera \isMn£a 

The upi>er memlier of the Prida forms the greater 
part of the fonnation throughout the Humboldt Range. 
On the south wall of Fisher f'anyon it is about 600 feet 
thick and forms alxnit three-fourths of the entire for- 
mation. To the southwest in this same outcrop licit, Ixith 
the middle and up|a>r memliers thin to a combined 
thickness of only a few hundred feet on the west side 
of Black Ridge. North of Fisher Canyon the up[)cr 
memlier iniTeuses in thickness. It is aliout 1,500 feet 
thick in Congress Canyon and may exceed i,fl00 feet in 
thickness in the high, northern |iart of the range, where 
the upper memlier forms nearly half of the total pre- 
Tertiary outcrop area. 

This disproportionate thickne.ss of the upper mem- 
ber in the northern pari of the Humlxildt Range sig- 
nificantly changes the gross character of the Prida For- 
mation from that at its ty|wi area in the East Range, and 
the up|X'r iiiemla'r could pro|a>rly lie reci^iizod as a 
.separate formation. This is not done, however, liecause 
the lithologic distinction lietween the upi>er and middle 
meudiers is cotninonly oliscured by sei'ondnry deforma- 
tion and lecrvatallization, and these two units are not 
ea-sily differentiated in some parts of the range. 

The characteristic ria-ks of the upper memlier are 
thin- and medium-parted, cnns|)icuously laminated me- 
dium- to dark-gray limestone and dolomite with lenticu- 
lar stringers and thin beds of dark chert (fig. 8R) 
Re|a-tiiious thin- to medium-parting units with .some- 
what undulating surfaces give most exixisures a regu- 
larly stratified ap|x"arance (fig. 7). Interstratified with 
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Figurf 7. — <Mitcro]» of ilnrk Inuihinlcil doluraite Hlumiuc the 
tlilii to iiKHlium lliick. si»tiU'Whiit iiiHlulatinjC (uirtiiiR ebur* 
nctori^tllr <»f imieh of the U{>[x*r inemln'r of the Pridii Kormu- 
ti<»n. Near eUKt front of the runi;e north of American 4 *unjr<m. 

these nx'ks un» thick ami very tiiick h«ls of massive me- 
<limn- ami coarst'-^rained orpiiiic-tletrital carlioimte 
i*o<*k that form uiiihs tip to a few tens of feet thick uiul 
liecoMie increasingly nlmmlant townnls (lie top of the 
iiieml>er. These massive carlxmate ith Ics im* (>ssentia]ly 
like thost* of tlie overlyinjr Natchez 1’as.s Foniuition, 
wliiHi is (listin^nislied from the iip|H*r memlier by the 
abseiu’e of Hierty laminatwl < arlK>nate ro<*ks. 

Tlie lamination of tlie rcjrnlarly l)e(hled cherly car* 
iMJimte icH-ks ivsiilts from the altenmlioii of Hnely crys- 
talline layeiN with very finely crystalline moiv 
carbonaceous layers. ThmiLdi entirely line p'aiiied, tlu*>H* 
iiN'ks are wholly mrysiallized. iMrital silt grains of 
<(uartz, cbeH, and feldspar are ubi(|uitoiis in amounts 
lip to several pen ent, and wispy strinp*i*s and thin U*ds 
of yellowish brown silty carlMunite rcM-k aiv common in 
plants, part i(*nlarly in the southern part of the ranp*. 
The distribution of <*alcamms and doloinitic faides in 
these riH'ks lacks any apparent rejralarity. ami mmdi of 
the ilolomiiization is evidently secomlary, |K*rhaps of 
hydi'othermal origin. Scattered tine-^niiued iloloinite 
eubeilni indicate partial <loloiiiitization in places, but 
the locks that are entiivly dolomit ic have a {fraiioblast ic 
lexiuiv. 

(’heil strinjfeis and layeis constitute at lea»t M'venil 
percent of the s«‘ction«and in the northern part of the 



nin^e tbin-l>edded dark cheii haadly forms continuous 
units as mu(*h as a few tens of feet thick within the 
ui>|)er memlier. Though megasi'opicallY the iHnindaries 
lielween the chert bodies and the emdosing carlHinate 
ns'ks are sharp, as viewed in thin se«*fion tliey are ir- 
iTgular and ruggcHl, and both euhetlra of dolomite and 
patches of carlMinate are included within the chert. The 
chert is coiniHised of mimsuystnlliiie ipiailz ami evi- 
dently repres^mts m-onstituted layers of original 
silceous organic-delrital material in some places and 
the rephu'ement of original <*alcareous detritus in other 
places. Some thin chert IkmIs in tlie se<’tion in (’ongress 
('anyon contain abundant outlines of siamge spicniles 
and ra<li<ilariaf but this is unusual: similar chert Uh|> 
more commotdy have only a faint internal lamination 
with s[>oradic clear round sjHits that may have l>etm 
radiolaria. Dolomite eiihedra in thes<* layers clearlv 
tvplace the chert : they teml to cluster along cr<is.s4uilting 
veinlets, and they transect the original outlines of radio- 
Inria. In other pbnvs, ]iai1icularly in the relatively thin 
section of the upper memiKU* in the southern ]iai1 of the 
ninge, ghosts of originally <‘alcanMms pellets and shell 
fragments are pi-eserved in patches and strinp*rs of 
inici'fM'rystalline (piartz that reprcMUit sehs'tive I'ephu'c- 
ment <if hwal concentrations of relatively coarse 
grained <*alcareous detritus within the tine-graine<l 
laminated i*ocks. Some of tbcM* cheii liodics mciinitely 
retain the original depositional form of these organit* 
detrilal anuimulations. and the lamination of the en 
closing carlMinate ro(*k is InuiI arouml them. <)thers 
were evuleiitly infohhsi into the underlying <’nrl>onate 
layers as toad I’asts and then tniiu'ated liefore burial 
and silicification. 

Deposits of S4ulimentary bmvin formisl of .somewhat 
roimde<l fragments of featureless carbonate rocks up to 
at least >everal inches in greatest dimension in a <’oar^* 
cTastii* carlHinale matrix (fig. s.l) are a significant, 
though infrcHpient, ts'ctirmice in the upper memlMT of 
(he IVida. Thesi» occur as discontinuous thick units and 
ai'e interpreted as submarine slide de|Ntsi(s. l>N‘ally 
their emphu'cment contorted and broke the umlerlying 
laminateil carbonate ivm-Ics, as is .shown in the specimen 
illiistrateil (Hg. This specimen is from iHUieaih 

the slide breccia expostMl at the summit of Fos.sil Hill. 
Roth the laminated carbtmate ami the thin chert inter- 
U’ds were broken into angular fnigments, implying 
considerable penec*ontemporaneous iiuluration of ihes** 
sislimenfs. Some other Lsolated cHH-unvnces of contort chI 
liedding in the upper Frida are probably also the i*esnlt 
of submarine sliding and slumping, but in the northern 
part of the rangi* tliesi* are diflicult to distinguish from 
the effects of the more general tectonic deformation. 
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Discoiitiluious units of Bltere<l volounic iwks fonn 
» minor part of the upprr nieinbpr in tlie norfliern part 
of thp ranpe- Some of thesr na-ks are obviously ex- 
trusive, whereas others pmimbly iTpreseut feeder dikes. 
Near Star l*»Mik, iiiiiy}r<laloiilal flow nx'ks and volranie 
l>recein locally form the hifrhest part of the upper mein- 
l»er and directly underlie the Natchex Pass Formation. 
Similar mafic metavolcaiiic ns'ks a]i|iear at plai-csi on 
the west flank of the I'anjfe from Fkdio Canyon north- 
ward at alauit the same stratioraphic level hijrh in the 
upi>er memla-r of the Prida Formation. The thickest 
and most extensive of these volcanic units is exposerl 
intermittently for almut 2 miles lietween Ilumlmldt and 
Prince Koyal Canyons in an eastward-plunjiinp over- 
turned .syncline beneath the lliimbolt City thrust. On 
the north wall of Iliindioldt Canyon this unit exceeds 
200 feet in thickness and locally includes pillowlike 
structures up to several feet in size endiediled in a limy 
tulfaceous mtitrix that n.ntains p(x>r1y |>reserved marine 
fo.ssils. The malic iirneous rix-ks that forms a larp* out- 
crop on the ranpe crest about 2 miles north of Star Peak 
is evidently an altered diaba.se now composed Inrfjely of 
phij;io<-lnse anil chlorite. Its contact cuts across the 
lasldinpof the Prida at a low anjrle. and it is considered 
to be a dike related to the extrusive rocks in the Prida 
or in hifiher jiarts of the Star Peak Group. 

FOSM1..S AMI AGS 

The ace of the Prida Fonnation in the Humboldt 
Range is well established by ammonite and halobiid 
|)clecyiMKl fauna.s. (See fig. S.) Iiocally, in the northern 
part of the range where its thickne.ss and time span are 
greatest, the Prida ranges from late Early Triassic to 
early I/itc Triassic in age; farther south, where its 
dejiosition liegan later and where its upjier part is 
supphinted by massive carbonate rocks of tlie Natchez 
Pass Fonnation, the Prida is wholly of Middle Triassic 
age. 

In the lower memlier of the Prida Formation along 
the northeast flank of the range between dohn Ilrown 
and Santa Clara ('aiiyons, where this memlair is thick- 
est, most calcareous, and not too badly shenreil and 
rccrystallized. at least two distinct successive ammonite 
faunas occur. The older of these is termisl the Kub- 
rohimhitm fauna, and the younger fauna is that of the 
Xfopo/Mtnorirwi hmii/i Zone. The com|msition and stra- 
tigraphic iK'ciirrence of these faunas, as well as those 
from the overlying lower parts of the middle mendrer, 
a IT' shown in table 1 and on plate 1. 

The older fauna from the lower member is la>st rep- 
iT*senled by collections made fmm linu-stone concretions 
that occur at a consistent stratigraphic level about .an 
feet alKivethe basal elastics at I'SGS Me.sozoic locality 
M2.1C0 and along strike for several hundred feet iR'twi'cn 



Coyote and Hliwily Canyons. I’he presence of Suhrofum- 
hUen and s|>ecies of ProbnngariteH place this fauna near 
the top of the Iiower Triassic and relatively high in the 
I S|>athian Stage, the younge.st of the fimrlxiwerTrias-sic 
slage.s recently introduced by Tozer (l!)6.5b, 10157). 
Among float collection made nearby fn>m USGS 
Mesozoic hs'ality .MI6.SS, the ProhiingarHei rcfemxl to 
j in table 1 as P. n. sp. ‘'H'' is probably from a strati- 
I graphic level only slightly alxive that of l<x^ality M2.'lfitl. 

I It is like the s|ie<'ies of Prohungoriien characteristic of 
the "Prohvngnriteii lieds’’ at Hammond Creek, Hear 
Lake Valley, siaitheastern Idaho (llemard Kummel, 

I written commun., 1015.5), the fauna of which has beeit 
listed by Kummel (10.54, p. 187). The Subcolumbitei 
lieils of northwestern N'eviida and the Prohungariten 
tx'ds of southeastern Idaho arotherefore regarded ns ap- 
proximate temporal ei|uivalents by Silberling and 
I Tozer (1068). 

Of significance for reconst meting the depositionnl 
history of the lower .Mesozoic nx'ks of northwestern 
Xevaila is the fact that ammonite sjiei’ies such n,s Pro- 
bungarltfH sp. ‘*IV', Zenoitexl sp. “A", and Sitbroliim- 
bi/t’Ji s|>. “.V'', which occur in the oldest parts of the 
Prida Formation, also occur a few tens of feet aliove the 
ba.>!e of the Tobin Fonnat ion at I 'SGS .Mesozoic, locality 
M2.5C.5 near the south end of the Tobin Range. Hence, lo- 
cally, n.H in the northern Humlioldt Range, the Prida 
Formation at the base of the “Winnemucca sequence” 
of lower Me.sozoic strata includes lieils as old a.s the 
Toliin F'ormation at the base of the “Augusta sequence,” 
(Tintrai-y to the view previously held by Sillierling and 
Roberts (1!>I52, p. 37). Another fauna from alamt the 
same stratigraphic (xisition in the Tobin Formation of 
the Tobin Range, but from a locality aliont 2 miles far- 
ther south, is currently being descrilxrl by Prof. Ber- 
nanl Kummel. Though this fauna lacks Prokiingarite» 

I and contains a dilferent siiecies of S'lifx-oliimbi/eti. it is 
otherwise generally similar in composition and is 
I jirolinbly not much ditfeivut in age. 

! The \eo/H>paiit^rriif hntigi fauna, represented espe- 
! cially by- "IlmuptrUeii' gat^xl and distinctive S|>ec-iea of 
pnrananuitids, has larn found in the lower memlier of 
the Prida Formation at .several places along the north- 
east flank of the IIumlKildt Range from Bloody Canyon 
. south to the .south side of Coyote Canyon. It occupies a 
consistent stint igra|ihic level within a few tens <if feet 
Ik'Iow the brown micareous sandstone unit that forms 
, the highesi part of the lower memlier in this part of the 
' range. Hence, although it has not iK-en found directly 
alaive the Stibrofnmbtfen fauna, its position in the sas'- 
tioii Ix'tween Coyote and Blixidy Canyons, where the 
carbonate unit of the lower memla?r is thickest, is alsiiit 
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Table 1. — Compo$Uion and biostratigraphxc aaiignment of tAr <unm<mt7« fauna* i^rcfm tkf towrr part of the Prida Formation in the northea*- 

tern part of the Humboidt nange 

tLo«U<m o< U8(tS M««ototc looiillte »hi>wn on pi. I. X. occurrence o' jpedw ?. u»wt*ln oecuirsncc) 



ANISIAN 6TAOK 



SI'ATIIIAN STAGE 



.4so(r?iiiuB£(«rnM wltta Zoof 



/■rfftotropiCn • 
COBT1U Zkme • 



!^! 



s i s ' $ 

8 f *1 ^ 
?? i s 



CMotetocwia) i X 

Aneftnmtatrto* att A. nw«tcT*fft» McL^'Ora. 

/mMtfei «S / nurnwnriMir Arthabw X 

r.vtMowilflr* <McLe«rcil. .X 

«4ioiaatu Hj^tt UMl nmltb j 

A. rf. <torr«f't IMcI«t»aiD - .. . 

4crM’AM^iccr«i MmK . T 

0 fmn’tte ptrpiaTuu iJfeok) ... ? 

LWroerrof tipiumltCar Ilyatt anil Kmith.. . 

ll-Mctui:iet 

OacnootfaUd B. Km . eu sp. A . .... 

.... ' 

/.faotropKM mtrat Mclfoom . 

.tsrocAoMirmw ftff. A. amerkenum McL««m . 
ukrrlti illfvt am) Smith) 

I^pkfUe/$* Ip. A 



I 



■’■T — 



A'opftySMeiip A 

AVipopffitorfrsj (tiFfttt ami SmiUi).. . 

Arrvkm4iefrt$ cf- A. htpxmt Smith 

“A'rMrfuruj'' frtfts/ri Hyatt anj Hmrth . .. 

'‘Hvmfm r ttet" IlyaU ami Sm th 

••7W<ri“ piei.Aon Ht»« aiKl SmJib 

XfrU4fnac*TM3 o. Bp. es ttt. M. Totter . 

IteulOoitn* *p A 

l‘*ranannUkS ip. H. . ... 

j»«>A*»w»trir<j n. sp. A. .. 

r.o. «p. u 

iSencHet^ sp. k 



Ptektt»M*Kf* d. /’ ftaiffil Spath. 
t*. cf. r tmbmuUtttx (WBlter),.. 



.S'orKo^irrrei* «i> 

n. «p. A . . — 

Ktstkeeftd. S prmtvdrt KUII 

L’Mtirtfrs? Bp 

IttUlUttUfi Bp . . 

A^noutoe4H4ft Bfi 



X •' X 
X 



1 , i j ^ 



I I I i |i giS i f, 

s K s Sa,a s ' s :X 



s 

S 5 

m ^ ~ 

^ I k s 



Atidcefam- 

btlr» 



..I.. 



T'Y' 



i ■ 



. . X 

XXX 



-I-— I- 



r::r:;:, 



X 

X 

. ? 



‘i(>0 fppt higher flmn tlmt of the SttbeofumhitfiA beds such 
as those nt locality 

South of Coyote Canyon, where the carbonate unit is 
imich thinner, the relative superposition of the ^Vco- 
popanorrraA hnugl and SubcohunhiteK faunas is ob- 
scure. IiiJolm Brown Canyon the stratigraphic jxisition 



FiGVBt: 8. — Carbonate rocka from the up[>er roemb<‘r of the Prida 
Formation on ForsiI Hill, In the 8outheaf<tem ixirt of the 
range. AH figures natural size. .1. Dohuiiite seillmentar^' 
hreccia from thick discontlnnoiiR unit !nteri»reted ax a aiib* 
marine nllde deposit within the 1amlnate<l thIn-bedded llme^ 
.stone and dolomite of the up|>er meiiiber. Ji. Laitdiinled 
dolomitic limestone like that which forms most of the upper 
member. Sawn slab photographed In liquid to heighten ccui- 
mist Ijetwwn laminae. White patches are voli! tllllnes of spurr; 
calclte and quartz. Stratigraphic orientation uf hand s(>eciuien 
uncertain. C. Weathered surfsif’e of hrccclntcd uud re- 
cemented very thinly lnterl»e(1de<l laminated dolomite (light 
colored) and chert (dark colored). ItUruptlou of bedding 
attributed to emplacement of carbonate slide deposit that 
directly overlies these rocks in the section. 



I of the N. hmtfft wliicli «ui be recognized as far 

soiitiiwest as I’8(fS Mesozoic locality M2823 near the 
mouth of this canyon, i.s apparently occupied instead by 
SubcoJumJilteA beds, us at USGS Mesozoic locality 
.\fllfi4. To explain this, a disconformity within the car- 
bonate unit here is j>ostulated on plate 1. In support of 
tills interpix^tation, the beils that would be separated by 
this disronfonuity are different in composition; 
the carlxmale unit at IcK'ulity Ml 164 is composed of 
coarse-gniined ni'ganu'-detrital sandy limestone, 
wherea.s the yeopopnnimniA haugi Zone a short dis- 
tance farther nortliwist consists of wcIl-lxHlded dense 
I argillaceous gray limestone. Moivover, locality Ml 164 
I is near the de|K)sitiotml margin of these iwks of the 
lower member wlieiT they hip up against the Arizona 
ba.seiiient liigli, and gaps in the se<*tion miglit lie ex- 
pecte<l here. 

i neretofor<^, the only known occun'ence of the .Vco- 
' popmwn mx haiigt fauna was in the Inyo Mountains 
of souilieastcrn (’alifornia, whei*e it is not inclosi* strat 
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ijriKpliio surocssion witli oilier fiiiiiias. In the iiksence ; ainmouite faunas occur in the middle member throujjh- 



of an adequate means of dating tliis unique lussemblap, | 
its ape has been customarily reparded ns earliest Mid- 
dle Triassic' (.Smith, 1!»H, p. .'>-6; .stpath, 1934, p. 35; 
Arkell and others, 19.'i7, J). LI'i4). (’ollwtioiLs from 
the .V. haugi yione at I'SUS Mesozoic lix-alily M-JtGU 
near the edpe of the Humlxildt Hanpe ju.st south of 
Coyote Canyon include most, and iierliaps all, of the 
ammonites oripinally ascrila'd to it in the Inyo Moun- 
tains by Smith (1914) plus a few additional Icimls. (.See 
table 1.) Coinpareil with the faunal succession found i 
elsewhere in Xoith America, the relative position of this 
fauna in the Ilumlmldt Hanpe with resjiect to the lower 
Anisian ^T.ongoharditcx'' raunm Zone indientes that the 
A', haugi Zone is approximately equivalent to the up|)er- ; 
most Ijower Triiussic Kgnerflngitm HuhrohuttiiK Zone j 
of arctic regions (.Sillierlinpand Tozer, 19(W). \ further i 
reason for considering the S. haugi Zone as highest 
Ijower, rather than lowest Middle Tria-ssic is the re<-ent 
di.scovery of jjoorly preserved ammonites iirobably lie- 
lonpinp to the up|)ermnst lyower Triassic genus Keyner- 
llngite» several tens of feet stratigraphically above the | 
.V. haugi lieds in the Inyo Mountains. '‘fieg«frlingilr»i i 
sp. indet.” is, in fact, listed by Smith (1914, p. fi) from | 
the .V. haugi Zone of the Inyo Mountains, but this iden- | 
tification cannot lie confirmed. 

The middle memlicr of the Prida Kormation in the ! 
Ilumivoldt Range includes iwrhaps the most complete i 
.succession of Anisian ammonite faunas known any- | 
where in the world. The.se faunas have la^n partly de- 
.scrilied by Gabb (18G-i), Meek (1877), and Hyatt and 
.Smith (190.‘i), and they formed the taisis for .Smith’s 
monographic treatment of the Middle Tria.ssic ma- ; 
rine invertebrate faunas of .\orth .Vmerica (.Smith, ■ 
1914). These previous authors, however, pave little or 
no attention to the stratipraphie distribution of these j 
faunas. The research de.scril)cd here and in another 
pajier lading pivpared by Sillierlinp demonstrates the ! 
existence of as many as 15 distinct, stratigraphically sue- ^ 
ce.ssive, .\nisinn ammonite faunas in the middle memlicr j 
of the IliimlKildt Range. In terms of biristratigraphic ' 
units that are more or less coordinate in rank with those 
recopnizeil el.sewhere in the Triassic of Xorth .Vmerica, 
the lieils characterized by the.se faunas are prou|>ed into 
live successive ammonite zone.s. i 

laiwer and middle .Vnisian faunas are represented I 
only in the northern parts of the range, where the middle ; 
meinlier is thickest and has its greatest age span. I n- 
fortunately, the preservation of fossils heie is for the 
most part jsMir. Owing to the generally traiisprcssive 
nature of the Prida simthward in the range, none of 
the middle memlNU' is as old as early or middle .Vnisian 
in the southern parts partsof the ranpe. I'p|»‘r .Vnisian ‘ 



out the range, but they are lavsl develoi>ed in the .south- 
east part of the range at localities such as the cla.ssic 
collecting site at Fossil Hill. 

The .Vnisian faunas of the Humlxildt Range are dom- 
inated by cephalojtods and by planktonic or probable 
pseudoplanktonic ])elecy|>ods: /Va/Wo«/«-like form.s and 
'•Sphai'ra" whitneyi Meek are prevalent in the middle 
Anisian whereas sijecies of Daonella and “Uhynrhop- 
trrux" ohi-xux Gabb are well rejireseiited in the upjier 
.Vnisian. With few exceptions, brachiopovls and gastro- 
]kk1s are scarce, and other kinds of larger marine in- 
vertebrate fo.ssilsare unkown. 

Where the lower and middle inemliers of the Prida 
are thickest, in the northeastern part of the range, fos- 
sils have liecn found at several places in the ba.sal lieds 
of the middle memlicr just almve the brown calcareous 
sandstone unit that forms the top of the lower nienilier. 
In the vicinity of Star Canyon, as at I’SG.S Me.sozoic 
haialily Mi304, an abundance of the ammonite Knphyi- 
Ul(» sp. “.V“ and the brachiopod Spirigera cf. .V. nfolirz- 
i'lii Bittner locally characterizes the lowerntost few tens 
of feet of the middle memlier. Xo refined age signifi- 
cance can l»i attributed to thes»‘ fossils, however, ami the 
ammonites found at other localities from the .same stral- 
ipniphie level, though exhibiting apprw’iable variety, 
are wholly indeterminate. 

In the same general area — for example, at l'.'4G.'s 
Me.sozoic localities M’2358 and .M2828— a di.screte am- 
monite fauna characterized by Ixrulilex mfcki (Hyatt 
and Smith) and T.fiwtropih'x murux (,\lcl>eani) (X’curs 
1(K)-1.50 feet alxive the base of the middle memljer. The 
|)reseni'e of the hitter s|)ecie.s and of n.s.soriated sixs-i- 
inens of Arrorhori/irrrax, which are closer to .1. amari- 
rnnum Mcla*arn than to any other descrilaid siwies, in- 
dii'ates that this part of the se<-tion is in the T.. rnurux 
Zone, which istypical of northea.siern British Columbia 
and is the oldest zone recognized in the .Vnisian of Xorth 
.Vmerica (.'fiillierling and Tozer, 19(58; Tozer, 19<>7). 

The next higher ammonite zone, to which the Cana- 
dian name Anugymmitmtiax rui-iuiii Zone (Silberlinp 
and Tozer, l!tt>8) is a|>plicable, is as much as 1.59 feet 
thick; it isdistiugnished by the Ixvst devebqied and most 
widely di.stribiited ammonite fauna found in the Prida 
Kormation in the northern part of the Humlioldt Ranpi'. 
In those plait's where the Prida laps onto topograpliic 
highs on the pm'xisting Koipato surface, the .1. 
rariiiin Zone may iM'cur immediately almve whatever 
riK-ks liwally constitute the lower memlier. .Vway from 
such basement highs, as alongtlie east front of the range 
north of Coyote Canyon, the low(»st fossils of the .1. 
nii'iiiiii Zone art' found up to :liH( fei-t nlmve the base of 
the middle inemU'r and are 199-125 feet alxive the 
fossilifeniiis Iwls of the L. rnurux Zone. 
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In luiditioii to tlie ocrurrences of -1. rnrhnn 55oni* 
fossils sliotvu on plntc 1, other sijfnifimnt loonlilips at i 
which oc]>halo|XHls of this zone occur are USGS Meso- 
zoic IcH'iilities MisU, M!Mi!l, MllHO, MIISI, ami MIK75 j 
on the east side of the ranpe north of Itnionvllle. I 

Some ammonite species characteristic of the 'ro- ' 
rhnn Zone in the linmtjoldt Kan)n> (table 1), siicli as I 
Acrochordieerns hyaUi Meek (not Smith and other an- j 
thors) and perhaps Gymnltes perplannn Meek, range 
through the zone; others arc more stnitigraphically re- 
stricted within the zone. CurroreraA honnrrhtnc Hyatt 
!ind Smith, Loitgohnnlitex cf. 4. larculin .MclA'arn, and ! 
hculiten n. sp. are evidently confined to the. lower part 
of the zone, wherea.s Pneudmhimihitn^. hiW (Mojsiso- 
vics), LongohardUex nerndanm Hyatt and Smith, and , 
Czekanoicfli-ite* hayeni (Mcljcarn) have liecn found in 
its higher [mrts only. 

The Anagymnotocem* variwn Zone is n.ssigned to the ’ 
middle Anisian :ls recognized in North America by Sil- 
l>erling and Tozer (1908). It is rcg!irde<l as older than 
the middle Anisian Balatonites »ha»hon(mU Zone, the 
other North American ammonite zone as.signed by Sil- 
lK*rling and Tozer to the middle .Anisian, but the tno 
zones have not I>een found in stratigraphic sequence. 
Up to tlie present t ime the li. shothonemin Zone has lx!en ' 
found only in the Favret Fonnation, which crops out 
in the Augusta Mountains and adjacent parks of north- 
western Nevada southeast of the Humboldt Range, j 
Some genera such ns Aerochordiceraz and I.ongobard- 
Iti’H occur in botli zones but are reprc-scntcd in the II. 
xlwMjtoiiriiiii>i Zone by sjiecies that appear to Iw more 
advanced morphologically than those in the A. varium ; 
Zone, and some gener.1 such ns Proarcestes and Pty- | 
r/i!frs. that range up into younger strata are fouml ] 
in the II. fhon/ionrnnh Zone but not in the A, varitim 
Zone. The 150 feet or so of the unfossiliferous licds that I 
separate the A. rarium Zone from the upper Anisian I 
Gynmotorertvi roteViformin Zone in the northern Hum- I 
Imldt Range leave ample room in the section for middle I 
.Anisian -strata correlative with the H. Khothoneruk 
Zone. 

Upper .Anisian ammonite and UaoncUa faunas are 
widely distributed in the uppermost 100 feet of the 
middle memlier of the Prida Formation in the Hum- 
Imldt Range, although nowhere are they as completely 
developed and ns well preserved ns in the vicinity of 
Fossil Hill lietween Troy and South American Can- 
yons. The upper .Anisian section here is the type local- 
ity for the Gymnoloci-ran rotellifomk. Gymnoiocerax 
mefki, and Gynmolocerax oceidrntalk Zones of Silljer- 
ling and Tozer (1968), which heretofore have lieen 
lumped infonnally into an all-inclusive ^‘Gymnnto- 
eeras zone" (Sillierling, 1962, p. 153). The.sc faunas were 



monographed by Smith (1914), who treated them as a 
single, stratigrnphically equivalent ns.scmblage. The 
preliminary revision of their taxonomy and stratigra- 
phic. distribution by Silhcrling (1962) now requires 
some modifications, the most imiMirtant of which are 
(1) the recognition of Gymnotocenvi roteJIifomik as a 
distinct .sjiecies occurring la-low, hut inlergniding 
with, G. Make!; (2) the invei'sion of the Panu-eratitrn 
rhrkr.i and P. vogdeni beds and the recognition of a still 
older level, the hiirrkhiirdll beds; (.3) the combina- 
tion of Gymnotocerax wmAhtimei and G. occidenialk, as 
first, revised, under G. oceidentalk; and (4) the transfer 
of ^'Anolciten" furlong! and “.4.’’ guhhi to the genus 
Neraditex. 

Incorporating these change,s, the sequence of upper 
-Vnisian faunal units recognized in the Fossil Hill area, 
listecl from youngest, to oldest, and their grouping into 
zones, is as follows : 

Gyninotorrnjx orr/drnliillx Zone 
Neradlfex gahhi beds 
,Vf raditex furlong! beds 
Xeraditex humholdtenxk beds 
AV rnditex hyaiti beds 
Gymnotocerax inrrki Zone 
Gymnotorerax dunni lieds 
Gym notocerax meek! beds 
Gymnotocerax (Frerhitex) nectidanuxheds 
Gymnotorerax rotellifornux Zone 
Gymnotocerax hlake! beds 
Paraceratitex cr/cii' beds 
Paraeeratitex vogdex! lieds 
ParaeeraHtex clarkei Ix-ds 
Paraceratitex hurckhardt! lieds 

Some faunal resemblance exists bet ween the G. rotelli- 
fonnix and G. meek! Zones and the typical upper .Ani- 
siaii of .Alpine Europe. The G. oeridenta/k Zone, how- 
ever, is regai-ded as upper .Anisian rather thou lower 
Utdinian iKH-aus*- the typically laidiniau ammonite 
genus Protrarhyrrrax makes its liret ap|a-nrauce in 
the next higher, Protrachyeerax xuhaxpemm Zone in the 
lowest licds of the npjier member of the Prida. 

.Although larger marine invertebrate fossils other 
than cephaloi>ods and a few kinds of pehs'V|MKls are 
either scarce or absent in the middle memlier of the 
Pritia, some other kinds of fossils do oi-cur. .'skeletal re- 
niaiiis of ichthyosaurian reptiles are fairly common, 
particularly in the beds containing the greatest concen- 
traticai of amiiionile shells. The siieciniens of ichthyo- 
saurs, including one nearly complete skeleton, dcsi-rila-d 
by .Mi-rriam ( 19t)S), are from the iqiper .Anisian in the 
vicinity of Fossil Hill. Fish teeth and spines, presum- 
ably from liM-alities in the. middle inenilier, have been 
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desoril>e(l rcsjjoilively hy Wcmple nm! Davidson ; 

(1010). Mosher and ("hirk (106.')) reported that cono- 
donts are abundant, in the (rymnotorentJt t'otelUformiH, 
mvehi^ and orctdentnliH Zones in the vicinity of Fossil j 
Hill and that the same assemblage of s])eciesy which is I 
like that known from the Anisian of hhm»pe, ap|>arently ; 
ranges through all three zones. 

The top of the 6^. ocetdenlaliA Zone roughly coincides j 
with the lithic transition l)otween the middle and uptwr 
meml>ers of the Prida Fonnation thrmighout the Hum- 
l)oldt Range. In the vicinity of Fosvsil Hill and at a few 
other places, as in the. Arizona nnnc. area, the lowermost 1 
few ten.s of feet of the upj>er member are characterized | 
by primitive .si>ecie8 of Protrackyccran such as P. #i/6* 
a»}>erunu and by DaonePa aff. D. iarameUii. These l>eds i 
are termed tlie /'/•ofmcAyccmjf nuhtmpfrum Zone ami are ' 
n'gjmlwl as earliest Lndiiiian in age (Sill>crling and 
Tozer, 1968). 

Kxcept for the P. Muh(tJ»i>entm Zone at its ba.se, the 
upper memi)er of the Prida is {worly foKsiliferous; 
throughout most of the meml>er tlie only fossils found 
are scattercsl specimens of trachyceratid ammonites tliat j 
are mo^ftly flattened, silirified, and generally indctcnni- ' 
nate. In the higher parts of the up|)cr memlH*r, however, | 
|»elecy|aKls closely similar to, or identical with, IhwneUa \ 
hmmeU Wissman, an index fo.ssil of (he Alpine iip|>cr j 
Ladinian (up|>ermostMiddleTria.ssic), have lx?eii found 
at several places. In Fisher Canyon (USGS Mesozoic j 
loc. MSOOf)) in the southern part of (he range, the.se i 
pelecypods and an additional undescril>ed spwies of 
DaonePa occur aliout 50 feet below (he top of tlie Prida. 
In Congress Canyon ( CSGS Mesozoic hx-. M907),/).cf. j 
/). Jonunrli was found with n few jioorly preserved am- | 
mouites of the long- ranging genera I*rotrarhycfrast^ 
Proarce^tf8^ and Ilunyariten about 600 fm Im*1ow the 
(op of the upper memlK'r at alKiut the level where thick I 
interbeds of massive carbonate ixa'ks liecwie conspicuous ' 
within the. Prida section. ,\nd at the northeasteni tip 
of the range, west of Nevada State Highway 50 (T\S(tS i 
M esozoic loc. M16K9), DtwufPa cf. D. again oc- j 

curs in the upper memlier of the Prida within a few tens 
of feet IkOow the base of the overlying Natchez Pass ; 
Formation. Altliougli this s|>ecies may have an appitn’i- I 
able stnitigrnphic range, tliis variation in the amount of 
Prida stvtion above its occurrence in difrereni places 
(pi. li) is great enough to indicate that tlie iip|X'r limit 
of the Prida is somewhat younger in the north -cent ml 
part of the HmnlK>ldt Range than it is in the southern 
ami the northeastern e.xtremities of the range. 

The youngest fossils in the upper memlier of the 
l^rida are ]w>orly pres4*r\ed ammonites fnmi impure 
limestone IhmIs associated with thin units of mafic vol- 
canic rock high in the section in (he northwestern part 



of the Humboldt Range. The l>est of these faunas was 
found alKHit half a mile north of the Standard mine 
(CSGS Mesozoic loc. MUH6) and includes 
and along with trachyj.'eratid and clianitid 

ammonites. Unfortunately, the trachycerotids cannot be 
positively identified, but their advanced sculpture 
strongly suggests assignment to Tnichycera/* s.s., which 
is indicative of an early Karnian age. An age at least 
this young is substantiated by their association wiU) 
clionitids; a still younger age is unlikely l)ccaus<» the 
genus Sagcct roA is not known aliove the lower Karnian. 

NATCHEZ PASS FORKATION 

The iip|)er part of the Star Peak Group in the Hum- 
l)ohU Rangi* is the Natchez Pass Fonnation named from 
exjxisurps at Natchez Pass in the East Rangt*. Massive 
4*arlMHiate ro<*k.s clmractiTize the Natchez Pas.s Forma- 
tion, but subordinate units of mafic volcanic rocks, ter- 
rigenous cla-stic rocks, and iiiijmre liiue>^tones jierriiit its 
subdivision into local memi^ers and map imifs. Tlie 
lower agi‘ limit of the Natchez Piu‘%i varies from late 
I.*adinian in the southern part of the Humboldt Ratigi’ 
to early Karnian in the northwestern part of the range; 
the upi>er agi* limit is ixxirly controlletl but is prdiably 
late Kannaii througliout the range. (See fig. 3.) 

Exp4)Murc.s of the Natchez Pass are widely scattered in 
(he Humboldt Range, an<l only those at the south end 
and at the northea.«tem tip of the range presene a com- 
plete section of the fonnation. In the southern part of 
the range the Natchez Pa^s swings across Black Ridge 
in a broad outcrop band (bat fonns the south flank ami 
summit of Buffalo Mountain, and .scattered (Witcrops 
then (smtimie northwani along the southeast fnmt of 
the range to Indian ('reek ('anyon north of Fitting. To 
tlie imrth, on the we.‘<t si<le of the range a nearly com- 
plete MHiioii of the Natchez Puss forms a Inrlt parallel- 
ing the range front from Panther ('anyon north to the 
Staiular<! mine area, where the Natchez Pa?^ forms the 
upper plate of the .Standard thrust. Structurally l>elow 
the SlandanI tbnist, tlie upper part of the Natchez Pass 
then forms the sole of the Iliinilioldt ('ity thrust and 
(s>ntinues northward in a narrow continuous Imnd 
lieneath the Itniss Valley Formation along the western 
foothills of the range to a |>oint north of Hmnlioldt (’an- 
yon. In the high, nortiiern part of the Hmnlioldt Range 
inroinpletesei'tionsof the Nati liez Pa>s form the imi>os- 
ing limestone clitfs at the head of ('ongress (’anyon, the 
cn*st of the range in the vicinity of Slur Peak, and the 
Miminit of the 0,275-f4iot peak (Santa (’lara Peak) 
alsMil 2*4 miles north of Star Peak, And finally, the 
Natchez Pass underlies most of the Mill ('ity hills, the 
line «»f (he hills projecting northeastward from the 
iiorthemlof tlie HumlxiUlt Range. (Sec tig. 1.) 
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III most of the Humboldt. Hauffe, the Xatehez Pass 
Formation is divided into two readily distinguished 
informal members. The lower member consists of cliff- 
forming massive carlxmate rocks that in the southern 
part of the range interfinger with mafic volcanic rocks. 
An abrupt change to nonre.sistant impure lime.stonc 
marks the base of the ujijicr member, the higher part.s | 
of which are again composed of inn.s.sive pure carlionate 
rock.s like those of the lower member. The slo|>e-forming ’ 
impure limestone in the lower part of the ui)|ier memlier 
in the northern |)arf of the main range iiirhides subordi- 
nate amounts of lioth volcanic and terrigenous clastic 
rocks not represenfeel in the equivalent part of the sec- 
tion farther south. Otherwise, this distinctive unit is 
very much the same in both parts of the range. These 
ineinher.s are not recognized in the .structurally con- 
torted, but probably complete, section in the Mill ('ity 
hills, though a thick unit of terrigenous clastic rocks, j 
not repre.senteil elsewhere in the range, divides the 
recrystallized carbonate rocks of the Xatchez Pass For- 
mation here info two parts of about equal thicknes.s. 

The relative pro])ortion of limestone and dolomite is | 
variable among the carlxmate rock.s of the Xatchez Pass | 
Formation. In general the sections in the southeast and i 
northea.st extremities of the range are more dolomitic I 
than those in the northern part of the main range, but I 
nowhere does dolomite predominate over limestone 
through appreciable thicknesses of section. In its pres- 
ent form, much of the dolomite in these rocks is evi- 
dently a secondary replacement of lime.stone and com- 
monly occurs a.s coarsely crystalline mas.>«"s in areas of 
shearing or fracturing. However, some finely and ' 
medium-crystalline gray massive carbonate lieds are also ! 
partly or wholly dolomitic and may have been primarily ! 
enriched in magnesium. 

The total thickne.ssof the Xatchez Pass Formation in 
the southern part of the Humboldt Rangi- is alxnit WIN) j 
feet, the lower 1..500 feet of which represents the massive I 
carbonate rocks and included volcanic rocks of the lower . 
inemlx>r (pi. :i). To the north, the lower meinix'r pro- ! 
gressively thins to only several hundred feel by regrea- | 
sive interfingering with the underlying Pridn Forma- 
tion, and, assuming an approximately constant thickness 
for the upper memlier, the total thickne.ss of the Xatchez . 
Pas-S in the northwestern and high, northern parts of ' 
the range may lie only about half that 20 „,||es or so 
farther south. From the high, northern part of the range 
northeastward to the Mill City' hills, the formation ‘ 
thickens again at the exjiense of the underlying Prida 
Formation to about 2,n00 feet. This e.stimnted thicknes.s, | 
however, is only a rough approximation IxH'ause of the 
deformation of the largely overturned section here. 



Wherever exposed, the contact between the massive 
carbonate rocks that form the highest part of the 
Xatchez Pass and the metai>elitic rocks of the overlying 
Grass Valley Fonnution is abrupt; the two rock ty|ies 
are not interlayererl, and the transition lx*lween them 
takes plai'e witliin a few feel. In most places the shaiqi- 
neas of the c-ontact lietween these two rix-k units with 
different styles of defonnation has lieen hcightenetl by 
hx-al shearing. 

I-ITHOLOCIC Drs43IPTIOS 

As the lithologic units that make up the Natchez Pass 
Formation are not the same throughout the Ilumlxildt 
Range owing to lateral variations, the formation is beat 
descrilx'd ns a whole in ea<"h of its principal outcrop 
areas rather than in terms of its various lithologic 
sulHlivision.s. 

In the southern part of the range, the Natchez Pass is 
readily divided into two memliers; a lower memlier of 
massive carbonate rocks that complexly intertongue 
with mafic volcanic rocks and hx-ally include very sul>- 
oitlmate amounts of terrigenous detritus, and an U]>per 
memlier that is wholly calcareous. The southwestemmost 
exjiosures of the lower memlx-r on the west side of Illark 
Ridge overlooking Packard Flat are predominantly 
volcanic Hows and breccia in .several units of varying 
thickness interspersed with limestone units. The aggre- 
gate thickness is alxiut 1,500 feet. Eastward across Hlack 
Ridge, massive carbonate rocks fonn an increasingly 
large part of the section, and from Cow Canyon north- 
ward along the southeastern margin of the range, they 
form nearly all of the memlier, which gradually thins 
to aliout 1.1)00 feet north of American Canyon. From 
('ow Canyon northwarel, volcanic i-ocks arc restricted to 
the highesi part of the lower memlier and form a later- 
ally persistent unit several lens of feet to a few liundred 
feet thick .separating the thick section of mas.sivc ear- 
Ixinates lielow fi-oni the impure limestone of the basal 
part of the upper memlier above. 

The carlxmate rocks of the lower memlier, where not 
mixed with volcanic rock.s are a monotonous succession 
of medium-gray, thick and very thick Iwdded limestone 
and dolomite, all of which is recrystallized, somewhat 
broken, and pervasively veineil with calcite. Massive 
dolomite Ix-ds are generally sulioixlinale except near the 
ba.se of the section in the vicinity of .\merican Canyon, 
where they are a major const it uenl. Some sugary masses 
of lighl-coloreil crystalline dolomite crosscut lietlding 
and evidently follow zones of fracturing. .Secondary 
recrystallizatioii has largely obliterated the original 
texture of lhe.se rocks but enough shelly and echino- 
derinal debris are commonly discernible to .suggest that 
it foniuHl an organic-detrital framework which may 
have been originally filled with sparry calcite matrix. 
Both shell fragments and matrix are now medium to 
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coarsely crysialline. Kirgi* isolated fra^nents of re- ! 
crystallizetl T’AcrvMMoVm-like pliacx'loid corals were 
noted in several places lietweeii Fislier and ('ow (’an- 
yoiis, and t>oorly preserved sillcilied molluscnn and 
l)nichio]K>d sliells arc not iincHunmon. 

In the fault blocks of the Xatcliez Pass noitli of 
American (’anyon. a l)ed several feet thick of well- , 
rounded chert granules and jiobbles occurs within the 
massive limestone and dolomite of the lower memlx*r 
about 400 feet al>ove its base and fornts a usidul IcK'al 
stratigraphic marker. This l>ed is crudely sinitified 
owing to wi.splike variations in the packing density of 
the chert clasts; these clasts may Iw tightly packed with 
siliceous cement or s|K)nidicully saittered in course- 
gi*ained orgaiiic-detrital limestone. 

Another silii^eous detritnl unit is nss<x'iated, (xhlly 
enough, with the mainly volcanic Kt*<'tion of the lower 
meinl>er in the vicinity of Souili Kelief (*anyon. This 
unit, which is about feet thick and can lx* trnml 
laterally for alxiut 1 mile in the up|K*r part of the niem- 
lx*r, reseinhles in the field s?ome of tlie dark shearetl vol- , 
canic tutfs at other levels in the sei’tion. In thin se<’tion, 
however, it is seen to lx* compose<l largi*ly of (piartzose 
silt to which the dark color is imparted by interstitial 
material that may lx* tuiraceous in origin. 



7'he matic volcanic rts’ks in the lower meml)er of the 
Xatchez Pass Formation in the southern part of the 
range are a heterogeneous assemblage of <]ense or amyg- 
daloidal iionporphyritic massive flows, breccias, and 
tuffs, in part intimately mixed with impure orgiinic- 
detritnl limestone. The (low rcs'ks niul bre<Tia clasts ai^ 
mainly yellowish brown or greenish gray and are emn- 
plefely altered. Tlie plagio<'lnso laths of the groumlmass 
are eitlier alhitic or ghosted by ealeite and serieitic ma- 
terial and are ini.Yed intergraniilarly with dihnite, 
calcite, epidote-group minerals, ferric oxides, and iiim'h 
fine-grained “dust.*' Xo original malic minerals are pre- 
servtal in the S4»veral spwiineiis examined |K*(it>gniphi- 
cally. .Vmygdules, when* pre.sent, commonly show a 
ivgiilar xoning. An outer rim of sj'atteieil opaque grains 
is hordere^l interiorly by mimsTystallim* quartz or 
chlorite which, in turn, Ixirders a central filling of 
emrse calcite or quartz crystals. A primary volcanic 
origin for at least some of the breccias ns.socintcxl with 
the flow nwks is shown in thin section by devitrifietl, 
but clearly defined, glassy rims on tlie breci ia <'lasrs. 

.*stratigrapliic unity is provided the laterally variable 
and soincwhnl liererogeneons lower member of the Xaf- 
chez Pa.ss by the overlying iip]X‘r iiiemlM*r, which is 
wholly calcan*oiis aiul iscfmstant in lithologic chanicter 
ihroiighoiif the southern part of tlie range. The lower 
pari of the upper inemher Is yellowtsli-brown aiul gray 
mostly thin- and inediiim-lK*4]ded limestone that forms 



simxUli, evenly slralifie<l hitiwji .slo|x*s; it contnists 
.sharply with the upix?r part of the member, which is 
clitf-forming thick to very thick lx*<lded massive gray 
limestone rei-eiiibliiig that of the lower meinl>er. Kach 
of tiies(* parts of the upper iuemU*r is about r»t)0 feet 
thick, am! though the upward change from one to the 
other is c<impletely gradational, they <‘an be map|x*d 
s*»|Mii*arely. The well-be<hled brown- wwitheriiig impure 
limestone in the lower ])ai*t of the iip|>er member <litTers 
markedly in textun* from the medium or coarsely rrys- 
talliiie 4irgaiiic-<letrital massive carbonate rrx*ks that 
form the bulk of the Xatchez Pass in most phu'es. This 
impure liineMoiie (HUisisIs of partly liroken {Kdcs'yixxl. 
l)nichio[MKl,andg'.istrop(xl shells that liaveU*eii replaced 
by me<liuin-grained mosjiics of calcite ami are sparsely 
to tightly pack(*tl in a very finely crystalline calcite 
gn>undmas> whu h could lx* eitlier an original cnlciliitite 
or a micrite whost* rei rystallization was |M*rha))s arrest e<l 
at a very fine grain size by <‘lay-size terrigenous impuri- 
ties, The more tsiansi’ly crystalline coriqxments of the 
limestone, such as the molluscun and hnu’hio|Mxl shells 
and the fillings of shell interiors and fractures, com- 
monly have a conspicuous yellowish-onuige limonitic 
stain that contrasts .strongly with the olive gray or 
meiliiiiii gray of the matrix. The nature ami amount of 
noiicarlamate imptirify In these ns'ks are slmwn by 
cliemiml analyses of two characteristic siimples— 4»ne 
from ('ow (’anyon and another from American ('anyon. 
Their AbO., content of alxmt l.ii |x*iveiit provides an 
imiex of the amount of clay; FeT), values are near tt.7 
]K*r(*ent. SiO, amounts to atx>u1 fi percent, part of w'hieh 
may represent quartz silt, although stsamdary miern- 
erystalline quartz is more coiispiciUMis in thin section. 
For (‘omparison, the (amihimxl anioiints of AbOi, Fe-Oy, 
and .‘^iOj in analyzed samples of massive gray limestone 
fnmi the lower memlx»r of the Xatchez Pass averages 
only a little over 0.1 peri*ent. The ealcitic natiiiv of the 
impure carbonate ns’ks in the lower part of the up|M*r 
memiter is indicated by flic relatively low Mg<) content 
of |N*r«*ent of the two analyzLsl samples. 

Tlie sis'tion »)f the Xatchez Pass Formation repre- 
sen(e<l by s<*attered nml im*omplete ex|Mxmres in the 
northwt*steni and high, iiortheni parts of the Hiimixddt 
Kange is generally similar 1«> tliat in the stHithern part 
of the rangi*. Two meinlx*rsof the fonimtion tliat seem 
to corresiHUul to i*stal>lislie<l farther south in the 
rangt* ai'e ivci^niizivl. The lower iiiemlnT, however, is 
r<mip4M»<l eiiliivly of massive carlsmate rfx*k and tliere- 
bv difrei> fnmi tlie lower im*mU*r in the soutlieni part 
of tlie rniigi* 1h*4;ius»* it lacks volcanic ami terrigenous 
clastic nil its and is much fliiniier. .\liovetlie highest lieda 
of 4lark lamiiiatisl cherty limestone incimhxl in the 
Prida Formation, tlie ma.ssive carlainale iis'ks that con- 
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stitute tlic lower member of the Natrliez Puss thin to 
only u few Imndred feet in their northwesterimiost ex|>o- 
snres. The very Ihiek lieelded, or even nnlKMldetl, rhanic- 
ter of the lower Xntohez Pass results in pi'ominentcliff- 
formiiijT exposures that eommonly exhiliit envernons 
wenthei'in}r. 

Where the lower member foniis the pixjuiinent cliffs ' 
at the head of Conpress Canyon, if is essentially a single i 
l»e<l nl>oHt tiOO feet thiek that dips gently westward. The | 
lower memlter is also representtxl in the eliff.s on the j 
east flank of Star Peak (fig. 4), which from a distance i 
might be mistaken as the northward extension of the 
clitrike exposure in ('ongress Canyoji. Actually, the I 
two exposures are in different strucfimil blta-ks; more- 
over, the steep facT of the Star Peak cliffs, in.stead of 
cxi>osing a se<'tion of the. lower memlier, roughly par- 
allels the l*edding of steeply inclined Xatchez I’ass and 
Prida -stratti that have lieeu lient ,shaq)ly ilownward 
from the equivalent nearly Hat lying l>e<Is ex]x>sed above ' 
the cliffs on Star Peak. Thisnlmipt downfold is thought 
Hi have residted from eastwanl overriding on the Te- 
hama reverse fault, which is present at diqith but is . 
truncated by the younger, Santa ('hint and American j 
basin normal faults, whose' traces merge along the foot 
of the cliffs. Alsive lhe.se cliffs, the relatively iindis- ; 
turlied hiwer memlier of the Xatchez Pa.ss on .Star Peak \ 
is about 4(M) feet thick and fonns conspicuous massive . 
oiitcroiis that eiu'ircle the summit of Star Peak and the 
high i-ange cre.st to the southwest. Kart her north, similar 
cliffy ex|K)sui'e« of the lower memlier form the summit 
of .‘'ant a Clara peak and ca|i the ridge to the iiortli on 
the west side of the Santa Clara fault. In the su|x'rfl- 
cially similar licit of craggi,- outcrops along the trace of 
the Tehama fault, however, the iwk is a tectonic brec- 
cia formed largely of material fixim the upjicr memlier 
of the Prida h'ormation, though it may include some 
material from the Xati'hez Pass towanl the north enil of 
this fault zone, where it pa.sse.s under the alluvial fill [ 
of the Ilumlxildt liiver valley. 

Along the west fixint of the range, lietween Panther 
ami Huffalo Canyons and we.st of the Kldorado fault, 
the lower niemU'r of the Xatchez Pa.ss Korinatioii is 
again di.stinguished by its conspicuous mu.s-slve cluirac- 
ter and contnusts with the more thinly Ixsided and more 
easily eriKled adjacent (lart.s of the .Star IVak (Jniup. 
In this outcrop liell, the thickness of the lower member 
is as little as o(HI feet, a minimum for the exposures of 
this unit in the IIumlMildt llange. 

The com|i(isil inn of the lower memlier of the Xatchez. 
Pass in the northueslern and higli, norlheni parts of 
the Humboldt llange is mainly limestone; unlike in the 
exiHisures farther south in the rangi', dolomite is not 
present in sufficient amounts to lie readily ivcognized 
in the field. The linieslonr is massive and homogeneous 



tlmmghont. It weathers a medium gray, lait in most 
places it is much broken and intricately veined with 
white calcite. Weathering of this vein material com- 
monly impart.s a red stain to the outcrops. Viewed 
microscopically, the limestone is featureless and has a 
medium- to coarse-grained grauolilnstir te.xture. On 
weathemi or sawn surfaces, however, patches of crys- 
talline white calcite can in some places lie recognized as 
recrystallized coarse grained .“hell fragments and eclii- 
nodermal debris. "Kapid rock” ehemical analy.ses of 
samples from three different levels within the lower 
memlier on the ridge north of Panther Canyon indicate 
the high ilegree of purity of this carbonate rwk. Com- 
bined iiercentages of Cat). .MgO, and CO. range from 
9H.7 to 99.3 jierrent. The .MgO content for two of the.se 
samples is le.ss than 1 [lercent: for the other sample, in 
which clu.sters of .secondary dohanite euhedra are evi- 
dent in thin section, it is 4.3 |ierceiit. The prini’i|ial 
noncarlionnte com|ionents are silica and water. 

Tlie upper memlx-r of the Xatchez Pass Formation 
is only partly represented in the northern part of the 
main range. Incomplete .so-tions of it,s lower part m erlie 
the massive limestimes of the lower memlier in three 
places: along the eilge of the range from Panther Can- 
yon north to the ,'standai-il mine area, at the liead of 
Congress Canyon, and at .‘“tar Peak and sou th west w aril 
for alxmt -J miles along the crest of the range. Hike tlie 
lower part of the upix'r memix'r in the southern Hum- 
boldt Hange, these rtx'ks are mainly relatively impure 
and nonresistant lime.stone that is evenly stratified, thin 
to thick IxHlded, and brown weathering. In the higher 
parts of the range they lend to form pixir outcrops and 
smixith soil-coveml slo|X's. The most complete section 
fonns the summit of Star Peak, wheiv aixiut .10(1 fi>et 
of im|Hire limestone descrilies a shallow synclinal fold 
and grades upward intoalsiut KM) feet of massive thick- 
IxHlded gray limestone that caps the highest pan of the 
peak. This transition from noni'esistant impure lime- 
.stone upwanl into ma.ssive gray limestone presumably 
rorres|Minds to that whii'li takes place within the upiier 
Xatchez Pa.ss in the southern part of the range. If so, 
the thickness of the impiiiv limestone unit that fonns 
the lower part of the upper memix'r is about the same in 
Ixith Harts of the range, as shown on plate 2. 

The impure limestone that forms most of the lower 
part of the upix'r member in the northern part of the 
range is closely similar in texture and compo.sit ion to 
the corresiionding part of the section farther south. 
On fre.sh surfaces it is medium gray or olive gray with 
irregular .streaks and mottles of yellowish brown. Ui- 
vaive and g!islro]xxl shell fragments, along with cchino- 
dennal debris, commonly fonn a I'nnspicnous propor- 
tion of the rix'k but gi'iierally are not so abundant ns 
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to form a sclfsupportinp detritnl framework. The | 
matrix is finely crystalline calcite with very suborclinate j 
rpiartz .silt. Subtle {rruin-size (lifferences between diseon- : 
tinuous laminae less than a tenth of a millimeter in 
thickness impart a faint lamination to the matrix 
calcite in some thin sections. The sporadically distrib- 
ute<l quartz slit in these samples peiierally corresponds 
in j^ain .size to the calcite grains of the lamina in which 
they occur, which suggests that Iwtli the calcite and 
the quartz were deimsited as detritnl silt-size grains and 
that the limestone isn calcilutite rather than a recrystal- 
lized micrite. In three chemically analyzed samples from I 
the ridge north of Panther Canyon, the amount of I 
SiO- ranges fmm -1 to 11 ]>ercent and varies proportion- 
ally with the .VIjO., content, which ranges from 0.H to 
1.6 percent. Ferric oxide pseudomorphs after fine- 
grained pyrite cubes are conspicuous in most thin sec- i 
tion.s: combined values of FeO and FejO., range from 1 
0.5 to 1.0 jiereent. Tlie MgO content ranges from 0.4 to I 
0.8 percent. 

Disrontinuous thick lieds of grayi.sh-red chert jvehbles [ 
in a limestone matrix are a characteristic, though minoi-, 
constituent near the base of the upi>er member in all its 
isolated exposures in the northern part of the range. 
.Vlso, in contrast with the same part of the section in 
the southern part of the range, minor amounts of amyg- 
daloidal mafic metavolcanic rocks and some ralcareous j 
siltstone are present in the float from the poorly exposed 
sections at Star I’eak and above the Congress Canyon ■ 
cliffs. I 

The highest part of the Ufiper mcmljcr of the Xatchez ' 
Pas.s is represented by a few hundred feet of massive 
gray limestone that underlies the Grass Valley Fonna- 
tion for .several miles along the northwest flank of the 
range tiiid forms the sole of the IIumlHddt City thrust 
|)late. These limcstone.s are much contorted, slieaml, 
and recrystallized, and they are extensively silicified, | 
probably by hydrothermal activity, particularly toward 
the south end of their outcrop ladt, near the Standard 
mine. 

The third general outcrop area of the Xatchez Pa.ss 
Formation in tlie Humimidt Kange is in the .Mill City 
hills that form the northcasteni tip of the range. Here 
the Xatchez Pass occupies the axial region of a major 
overturnetl syncline and is correspondingly much con- , 
torted and broken. Ka.st of Xevada Highway .lO where 
it crosses the Mill City hills, further di.sruption of the 
section has evidently lesullerl from hs-al landsliding. 
Despite these complication.s, a complete section of the 
Xatchez Pass seems to intervene la-tween the exposures 
of the Priila and Grass \'alley Formatioits, but the 
character of the formation differs sufficiently from that 
of the Xatchez Puss elst-where in the range that the same 



criteria for subdivision into members cannot be utilized. 
The bulk of the section is thick and veiy thick l>edded 
massive rei’rystsilized dolomite and limestone inter- 
rupted near the middle by a conspicuous unit of coarse- 
aiul fine-grainetl siliceous clastic rocks about 4f)0 feet 
thick. Within the Xatchez Pass Itelow this clastic unit 
is roughly 1,000 feel of massive gray crystalline tlolo- 
mite and limestone, and al»ve it, a.s estimated from the 
geologic map, is at least several hundred feet of thick- 
bedded gray limestone intercalated with massive buff- 
weathering coarsely crystalline dolomite. 

Along the south edge of the prominent hill en.st of 
.State Highway 50, the clastic unit consists of thick and 
very thick l>eds of siliceou.s chert-(»ebble-and-cobble con- 
glomerate interlnyered with siliceous quartz-chert sand- 
stone, argillite, and calcareous siltstone. Weatherijig of 
the more argillaceous and calcareous beds produce.s a 
distinctive moderate-reddish-brown (about lOA’ 5/6) 
soil that contrasts strongly with the drab color of the 
adjacent weathered sloi)es underlain by massive carbon- 
ate ivK'ks. The limited exposure of this cla.stic unit on 
the west side of Highway 50 is etpially thick but lacks 
siliceous clastic rocks ctMirser grainerl than sandstone 
and contains corresiKindingly more interliedded calcar- 
eous siltstone and impure limestone, .some of which in- 
cludes abundant shell fragments. This nj>parent trend 
for the cla.stic unit to Irecome more calcareous and to 
contain incren-singly fine-grained siliceous cla.slic mate- 
rial we.stwart! can lie observe<i for <uily aliout ‘2 miles 
along the strike and hence, may be fortuitous, but lateral 
gradation is at least suggested lietween this clastic 
unit and the impure, somewhat silty lintestone that 
fonus the lower part of the upper meml>er of the 
Xatchez Pass at Star Peak and elsewhere in the main 
HiimlHildt Kange. 

rossirs ASD Act 

Iilentiliable age-diagnostic f(»i.sils are scarce in the 
Xatchez Pa.ss Formation despite the prevalence in it 
of .shelly detrilal material a.s a rwk-forming con.sliiu- 
ent. The fos.sils on which the age of the X'atchez I’ass 
is luisecl have Ih-cii descrilasl and illusirale<l in an earlier 
pa|>er (.Silla-rling, and are therefore dis4-us.setl 

only briefly here. 

Tlie characiorislic lower Karnian ammonite Trurhy- 
rri-an s.s., has las-n found alaiut 400 feet aliove the base 
of the formation in the northern Fast Kange, and poorly 
pri-SA-rved s|H'<-imens tentatively assigneil to this genus 
and subgi-uus also occur in limestone intercalated with 
volcanic ria-ks several hundred feet liclow the lop of 
the lower memU-r of the Xatchez Pass southeast of 
Huffalo .Moimtain at the south etid of the IIumlHildt 
Kange (l’SG.*s Me.-ozoic lo<-. Mfi.'iT). .\s upper Middle 
Trias-sic fossils iH-cur in the Prida h'ormation just la-low 
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the Xatohez Pass in Ijoth tlie southern ami the norfli- 
eastern parts of tlie Iliiinbuldt Kaiige, strata of l>olh 
latest Middle Triassic and early Ijite Triassie age are 
probably inrhided in the lower part of the Natchez Pass 
in these areas. (Sec fig. 3.) In the northwestern part of 
the Iluinboldt Itange, however, where lowermost Up|>er j 
Triassic fi^ils wciir in tlie underlying Prida Korina- j 
tion, the Natchez Pass must lie entirely Late Triassie | 
in age. I 

A large marine invertebrate fauna, consisting of well- 
pre.served natural molds in partially leachetl calcarcou.s - 
silt.stone, was collected near the stintigniphic lease of the , 
siliceous clastic unit that intervenes within the carlHinale 
section of the Natchez Pa.ss Fonnalion in the Mill City 
hills (USOS Mesozoic loc. Mdti.'i). Among a variety of 
|)elccy[x)ds and cephalopods, the ammonites Puratrop- 
iteK cf. P. mlcaluf (Calcara, of Gcmmellaro) and Spl- 
rogmoeeran Khaxtennc (Smith) and the iielecy|)od Septo- 
mrriiai arc reprcsenteil. Those t«o ammonite genera are 
characteristically late Karninn in age, and (lelecypods 
tentatively grouiied under the name Septornrdia are 
widely distrihuteil in the T’piier Triassic of Nevada and 
other regions. The same two siiecies of ammonites have 
recently been found several hundred feet lielow a fauna 
characteristic of the TropUfn dilhri Zone on Vancouver 
Island, liritish Columbia (Givens and Su.suki, 
and they may therefore be indicative of the oldest part 
of late Karnian time. Several of the j)elecy|KKls that 
occur in the siliceous clastic unit of the Natchez l*ass 
in the Mill City hills (SeptiM'iirdiitl, .Vectryimiu, 
and Placunopxh) can also 1» rci'ognized among the 
shelly debris in the impure lime.stone unit that forma 
the lower part of the up(«?r memlH-r of the Natchez 
Pass in the southeastern part of the Humboldt Kange. 
This faunal similarity lends support to the .suggestwl 
lateral etpiivalence of these two lilhnlogically distinc- 
tive units within the Natchez Pas.s Formation in 
dilTerent part.s of the Tlumlmldt Range, hut definite 
correlation on the basis of these long-ranging geneni 
is unwarranted. 

On the north side of Iluinimidt Canyon (CSG.*^ 
Mitsozoi<' loc. MU43), fragments of the j)clei’y|«Hl Halo- 
hin occur in the highe.st lieds of the Natchez Pass For- 
tnation; these l>eds consist of a few feet of impure 
lime.stone transitional into the overlying Grass Valley 
Formation. These s|iecimen.« have the morphologic fea- 
tures of such s|jecies ns //. n>iperhn atid II, mioilixKima 
that are characteristic of late Karnian strata. 

FAI.EOOEOOIIAFH1C INTERFRETATION OF THE STAR 
FEAK GROUP 

K.xposures of the .'star Peals Group are .scattered along 
nearly the full length of the IIutnlHddt Range, and a 
.ss'ction may thus lie reconsiructeil, as shown oti plate 2, 



that illustrates the lateral variation of these rocks in a 
structurally continuous block that is more than 30 miles 
long in a north-south direction. Some degree of east-west 
control on the lateral i hanges a|)parent in the Humboldt 
Range section is provided by comparison with the other 
principal exj>osure.s of the .Star Peak Group farther 
east, in the northern Fast Range, northern Stillwater 
Range, and soiithwe.steni Tobin Range. 

Several different lateral relationships among these 
rocks can he selei'te<l as having es|>ecial paleogeographic 
significance. These are: (1) the lateral variation of the 
basal part of the Star Peak Gi-oiip; (2) the interrela- 
tion lietween the ma.ssive carlmnate roi-ks of the lower 
memljer of the Natchez Pas.s Formation and the thin- 
lieddeel cherly limestone and dolomite of the upiier 
member of the Prida Formation; (3) the relationship 
lietween volcanic and carbonate rocks in the lower niem- 
lier of the Natchez Pas.s P'ormation; and (4) the re- 
gional relations of the upper memlier of the Natchez 
Pa.ss Formation. 

lATERAL VARIATION AT Till: BASF. OF THE STAR PEAK CROCP 

Hpper Anisian ammonite faunas of the Crymnotoceran 
rotfVIfornuK, O. meeki or O. oceidentalit Zones occur in 
all of the principal outcro|> ai-eas of the .Star Peak- 
Group, and as these zones occupy 1(10 feet or le.ss of sec- 
ti<m, they provide a useful datum below which varia- 
timis in the ba-sal part of the Star Peak can lie enm- 
pareil from place to place. The greate.st amount of .Star 
Peak de|Misition predating these uiiper Anisian zones 
took place in the northern Humtioldt Range, where as 
much as 700-800 feet of the Star Peak is of S|>nthian 
(latest Early Trias.sic), early .Vnisiau, and middle Ani- 
sian age. Impure calcareous i-ocks of the lower memlier 
of the Prida Fonimtion make up more than 400 feet of 
this tliicknesK. In the southern part of the Humlioldt 
Range, les.s than 200 feet of nnfossilifeiTius strata, 
roughly divitleil lietween the lower and middle mem- 
liers of (he Prida, underlie the (rymnolorcrnu mti'f/l- 
formlx Zone, and faunas older than late .Vnisian are 
not. known to exvur. The Prida below the upiier Anisian 
ammonite zones in the northern Eivst Range and in the 
northern Stillwater Rangi' near McKinney Pa,s.« is gen- 
erally similar in eomiKisition and thickness to that in 
the Boiithens-tern jiart of the Hiimtxildt Range. Still far- 
ther ca-st, in the southwestein Toliin Range, the Prida is 
greatly thinned and is repre.sented locally by only a fen- 
feet of terrigenous elastics and calcareous sandstone be- 
neath massive cariainate riwks of (he Natchez Pass For- 
mation. Here, laiorly preservetl upper .Vnisian ammo- 
nites occur in the impure cal.-arisius na-ks in the basal 
few tens of fei't of the Star Peak Group. On a regional 
scale, the ba.se of the .Slur Peak Group is thus generally 
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trniisfrrpfsivo soutliwnrd niul eiistward away from the 
iiortheni Ilumlmhlt Uanjre- 

Foi- the most part, tlie erodtHl siirfai-e on whicli the 
Star IVak Oroiip was deposited liad only minor to|x>- 
pniphic ixdief, as evidenced hy the Imsal cla.stie unit 
of the Prida Fonnalion, which pmerally contains clasts 
no larper than [lehlde size and d«K-s not vary in thickness 
hy more than a few tens of feet. In tlte Umnholdt Ranpe, 
however, some larjre scale lo<'al topo)jmi)hic irrejrnlari- 
ties are apparent and evidently have an im(x>i1ant 
(lynetic reintion.ship to the mineral dejMisitsof the area. 

As de.scrihed piwionsly, ahrii)>t latend variations in 
the thickness and isim|H>sition of the lower niemUm of 
the Prida Fonnatioti in the northern part of the Iltini- 
Ixddt Kanjre delineate two distinct ha.spment highs which 
n>.se several hmulml fc-et above the adjacent pn’-Star 
Peak en>sional surface (lig. tt). The more southern of 
these, the so-called Arizona ha.sement high, has the 
shape of an elongate ridge trending somewhat west of 
north through the Arizona mine ar«i, and it a]ipnrently 
plunges northward toward the forks of Straight Pan- 
yon. “Bed-vein" silver deis)sits (('amcrtm, I!).!!), p. ,a!)4) 
like thoeie of the .\rizona. Inskip, and Wheeler mines in 
the lower part of the Prida Fonnation art> apparently 
Iwalized along the trend of this ridge. Moreover, the 
position ami tiviiil of the .Vrizona hasement high closely 
coincide with those of the Koipato rhyolite porphyry 
intnisive iwks that fonn a string of disi'oimected e.x- 
imsures from .'straight Panyon south to Pottonwmid 
Panyon. In most places, faults se|iarate these silicic in- 
trusive hollies within the Koipato from the adjacent 
strata of the .silar IVak Group; hut along the east side of 
the large exixisuix' of rhyolite porphyry at the head of 
Pent and .fack.son Canyons, small patches of ha.sitl I’rida 
Formation rest de-spiisltionnlly on the porphyiy. and 
alsnit half a mile south of the Wheeler mine, the basal 
Prida is in depositional i-onlact with a small e.xposureof 
rhyolite |M»rphyry. Ileiicc, although previously con- 
sidetvd of late .Turassic or early Cretaceous age ((’am- 
eron, Itritt, p. tlu-se rhyolite j«>rphyry in.sirusives 

clearly pivslate the Star Peak (ironp (IVallace and 
others. 1900). 

The Star-1 liimiMtIdt Im-M'inent high in the northwest- 
ern part of the range is disrupted by several largi'-scale 
faults that ohsi-ure its contigunilion. I.ateral changes 
in the thickness of the lower part of the Prida 
Fonnalion sngge-l that the east Hank of this hasement 
high trends alsiiit north-south, roughly on strike with 
the elongation of the .Vrizonn basement high, but the 
position of the other sides of the high is jssirly con- 
trolled. The .Star-IIumlK)Idt basement high is evidently 
broader and areally more extensive than the .\rizona 
high. I.ike the -Vrizona high, its location coincides with 



that of a cluster of rhyolite isirjihyry intrusives within 
the Koipato that are de|«>sitionally overlain hy the Star 
Peak (ironp; no other intrusive rocks within the Koi- 
pato have lieen found in the northern IfumlMddt liange 
north of Pnionville. The Sheba and I)e .'ioto mines, 
which were Ixmanza silver de)x)sit.s similar in nature 
and stratigraphic setting to tho.se of the .Vrizona grou|i 
of mines, are in the lower part of the Prida Forniittion 
in .''tar Panyon on the east Hank of the .'star- Humboldt 
Im.seinent high where the lower part of the Prida is 
partly cut out against the high. The neatest extensive 
ex|x)suivs of Koipato rhyolite porphyry are alxmt Ilk 
miles west of the .Sheba and I)e Soto mines. However, 
I Cameron < lO.'ti), p. fltl-2 and fistlnote) mentione<l that 
I the Koipato rhyolite which underlii*s the basal Prida 
in the workings of the .Sheba mine resembles ‘•granite" 

I iHtrphyry, ami he recognized that the.se |M>rphyrylike 
I rocks are part of the Koipato Itecause of their apparently 
' depiisitional contact with the overlying basal elastics 
I of the Prida and the alisencc of contact effts-ts in the 
' nearby i-alcaieous rocks of the Prida Formation. 

I On Black Bidge, in the southern part of the Hiiinltoldl 
I Range, the extreme thinning of the Prida Formation 
might la* due to a preexisting topographic high having 
I accentuated the more general southeastward thinning 
' of the Prida during regional transgression. Here, thin- 
I ning of the Prisla is again as.sociateil geographically 
with Koipato rhyolite porphyry intrusions in the umler- 
! lying r»«-ks, and the silver de|«>sits of the Relief mine 
j raviir in the Prida Formation. 

The coincidence in location of to|)ographic higlis on 
the pre-Star Peak surface, intrusive rocks within the 
Koipato (ironp, and silver dejarsits in the basal ]iart 
of the Star Peak (irrmp strongly snggi'st a g<*netic re- 
lationship between these thns* features. The Koipato in- 
trusive rocks, living the oldest of the three, are thought 
to la* the controlling feature. Kvidently intrusion of 
these rhyolite (airphyry feeder dikes and relateil rocks 
into the Koipato vok-anic pile liK-ally atrected its ri*.si.st- 
amv lo erosion so that the intruded parts of the Koi- 
pato were left as toiaigraphic highs following the pe- 
riod of tilting or gentle folding and erosion that, pre- 
^ ceded de|Kisition of the .Star IVak (iroup. The well- 



Fim-KH it, — ls,>i)n(‘hs Ilf iire-iiii|ier .Vntsian strata at the base i*f 
the Star I'eak ttniiiii iiliittnl lai the taalrtK-k iiiltliiie iif the 
HtliiilHiMt Riiiige. .\n*ns iif itilhliiiiiiii |ire-tl|itier .ViUslati thlek- 
neas ilelineate tiasitiniiaile litahs mi tlie [ire-Star l*iaik ene 
siiiiinl Mirfnee iif the Kiiiiaitn tiriiup amt isiltieUle itisigntiihl- 
ealiF with tile Iiinitiiin nf intrusive rm-ks within the Koiiaitn 
tiniU|i. Tnii-t*. of tile ile|Misttliiliai isiiilai-t ta>twreli tile Kiii|aitii 
anil Star l*eak t!riili|is are slinwn tii iiiilii-ate wtien* in the 
runae the iuistil |iart nf the Star I'eak is ex|s»Msl. and tn 
indicate tlie cimtnil fur iso|iactiliig its thickness. 
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STIiATIOKAPHY OF THE LOWER MESOZOIC ROCKii, HUMBOLDT RANGE, NEVADA 



(lofined linear shajie of Hie Arizonn Imseincnt liiph 
seems to relate to tlic kuIktoI) pattern of the Koijinto 
rhyolite porphyry on the pre Stnr Peak surface, hut the 
unique occurrence of mafic volcanic rocks in the Imsal 
Prida Formation along the west .side of this basement 
high could also indicate that its shape and fo|)Ogniphic 
relief results in part from block faulting during the ini- 
tial phase of .Star Peak deposition. However, pre-.Star 
Peak faulting within tlie Rochester Rhyolite would Ixi 
difficult to demonstrate here because of the heterogene- 
ous, rapidly interlensing lithologic character of these 
Koi]iato volcanic rocks, and sui'h faults were not rc<‘og- 
nized in the course of geologic mapping. lying after I 
the Star Peak Group was deposited, presumably dur- 
ing the time of late Mesozoic intrusive activity, mani- i 
fe.sted mainly by the granite exposed in the vicinity of , 
Rocky Canyon, the Koipato intnisive rock,s eviilently | 
sen-ed as a .source or channel for mineralizing fluids that 
formed the “bed-vein,” stockwork, and replacement sil- 
ver deposits in the lowest calcareous rocks of the Star 
Peak Group where they surmount the preexisting base- i 
meni liiglis assix-iated with the Koipato intnisive rocks, 

FACIES REEATIOS BETWEES THE PRIIIA AVD NATCHEZ PASS I 
E0RN.1T10NS 

The upper member of the Prida Formation and the 
lower member of tbe Natchez Pass Formation in the j 
Humboldt Range represent a striking change of facies 
within the Star Peak Group. As already dcscrilicd, the 
distinctive dark laminated cherty limestone and dolo- | 
mite of the upper Prida has the form of a thick wedge | 
whose lateral decrease in thickness corresponds to an [ 
increa.se in tliickness of the overlying massive carbonate j 
rocks of the lower Natchez Pass (pi. 2). From its north- 
westernmost exposures in the Humboldt Range, where 
it.s thickness may exceed 2,000 feet, the upper Prida 
thins southward within the Humlioldt Range to a wedge 
edge; to the ea.st, in the northern East Range and near 
McKinney Pass in the northern Stillwater Range, it 
thins to only several tens of feet ; and in the easternmost 
section of the Star Peak Group, in the southwestern 
Tobin Range, it is absent. Inversely, the lower Natchez 
Puss thickens from only a few hundred feet in the high, 
nortliern part of the Humlioldt Range to aliout 1,(KX) 
fret toward the northea.st in the Mill City hill.s and to 
alKHit feet toward the south in the southeni Hum- 
Ixildt Range (where it contains much volcanic nx'k i 
liesides the more chaincterist ic imnwive organic-detrital ' 
carlmnate rock) ; in the ranges to the east of the Hum- i 
Iwldt Range, the jairt of the Natchez Pass Formation 
i'orres|x>nding to the lower mernlier is at least several 
hundred feet thick. 

Partial lateral equivalence of the upper Prida and 
lower Natchez Pass is demonstrated by their strati- 



graphic relation to the widespread upper Anisian am- 
monite zone.s, which directly underlie the upper member 
of the Prida, wherever pre.sent, or the lower member of 
the Natchez Pass, where the upper Prida facies is ab- 
sent, ns in the Tobin Range. Within the up[)er Prida and 
lower Natchez Pass faunal evidence for contemporane- 
ity is indecisive, but the available faunas strongly sug- 
ge.st that lower Karnian rocks are present in the higher 
parts of iKith iinit.s in ditfei'cnt places. Thick iiiterliedsof 
massive organic-detrital carbonate rock like that of the 
lower Natchez Pass are conspicuous in the higher parts 
of the upiier Prida in the Humboldt Range, and though 
the discontinuity of ex|iosui'es prevents direct tracing of 
these IhnIs into the Natchez Pass Formation, they pnJi- 
ably represent interlingeriiig of the two facies ns shown 
diagranimntically on plate 2. 

The change in facies lietween the dark, laminateil 
cnrlxinate rocks of tbe upper member of the Prida and 
the mn,ssive carbonate rocks of the lower member of the 
Natchez Pass thus takes place within a largely correla- 
tive package of Lodinian and lower Karnian strata that 
thickens from about 1,000 feet on the southeast to more 
than 2,000 feet to the northwest ; and the greatest total 
thickness corre.spond.s in location to tbe thickest accu- 
mulation of the dark laminated carlxmate facies. 

.Several lines of evidence indicate that the up|>er Prida 
is an offshore, relatively ileepwater de|>osit in compari- 
son with the lower Natchez Pa.sa. The Inmination and 
even, thin parting characteristic of the upper Prida 
jKiints to quiet-water deposition, as do the intercalated 
chert layers fonned of fine-grained biogenic silica. .V 
foul-bottom depositional environment is .suggested by 
the dark color of these ro<-ks and by their lack of a 
shelly bottom fauna. None of tbe larger marine inverte- 
brates that occur sporadinilly as fossils in these rock? 
is known to have Ishui a bottom dweller. Although ipiiet- 
water and foul-lsittom conditions are not ne«'e.s.sarily 
restricted to deep basinal environments, an appreciable 
depth of water is implied by the existence of a paleo- 
slojie sufficiently steep to have induced slumping within 
the up|)er Prida and the disruptive emplacement in them 
of coarse sedimentary breccias of mas.sive carbonate 
roi-k.s. .\ number of the laterally i>ersisteut interliwls of 
ma.ssive. organic-detrital carbonate rocks within the dark 
laminated cherty lime.stone of the upper Prida were 
carefully examined for graded bedding or any other 
features indicative of turbidity current dei>(»sitioii. 
but nothing conclusive was found. 

The de|)ositionnl environment inferred for the fea 
turele.ss ma.ssive medium-gray limestone and dolomite 
of the lower inemlier of the Natchez Pass is that of a 
lirogressively sulisiding carlsiliate hank on which a 
varied bottom fauna of echinoderms, corals, brachio- 
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I>o<is. nnd niollusks Mom ished under tiirbiilem shnllow- 
w«tor ninririe conditions, .\ltlioupli the reimiins of s«li- 
ment-bindind ori'iuii.sms form ii part of the ret ojpnziible 
biogenie ealenreous detritus in tlie lower Natcliez Pu.s.s, 
in no place were they .seen to fonu a sclfsupporting reef- 
like framework. Moreover, the progressive nnd grailual 
nature of the thicknes.s changes undergone by the lower 
Xalchez Pass precludes the interpretation of any major 
part of it ns an organic reef. This ealenreou.s .sand de- 
|H>sit mu.st have accumulated on shallow bunks border- 
ing the deeper, more offshore depositional site of the 
upi>er Prida on the south and ea.st. Put through time, 
.sedimentation evidently e.xceeded the rate of regional 
subsidence, and the shallow-water bank deposits of the 
lower Xntchez I’ass were gradually built northwestward 
over previously deposited parts of the upjier Prida in 
a regressive fashion. 

The depositional relationship between the upper 
member of the Prida Konnation and the lower memla-r 
of the Xatchez Pas-s, at lea.st in its broader features, re- 
sembles the basinward-shoreward facies changes recog- 
nized in some other marine carbonate deposits. Several 
parts of the Imver and middle Paleozoic section of ea.st- 
central Xevada undergo lateral westward nnd, in gen- 
eral, basinward change from massive dolomitic car- 
bonate rock to more thinly liedded impure limestone 
that is commonly laminated nnd chert liearing. The 
abrupt facies relations described by Winterer and Mur- 
phy (1060) between partsof the Roberts Mountains and 
I»ne Mountain Formations in the Silurian part of this 
section is particularly (lertinent. In coniimsition, en- 
vironmental interpretation, and spatial relationsliips 
these Silurian facies are generally similar to those rep- 
resented by the upiier Prida nnd lower Xntehez I'ass. .Vs 
described by Winterer nnd Murphy (1960) the fine- 
grained laminated calcareous rocks of the RolierLs 
Mountains Formation contain a higher proportion of 
terrigenous clastic material than is found in the upper 
Prida: the eastward transition of these rocks into mas- 
sive carbonate rwk is more abrupt and is attended by 
more i-onspicuons intertingering of sedimentaiy breccias 
and graded calcarenifes; nnd organic reefs are thought 
to lie mainly responsible for the thick accunmlntion of 
the massive lame Mountain Dolomite. Hut these differ- 
ences in fact or interpretation lielween the relations of 
the Roljcrts Mountains-Isme Mountain facies ami the 
uiiper Prida-lower Xatchez Pass facies are more in de- 
giw than in kind, and they do not negate the general 
piileogeogra|>hic analogy. 

.Vlso similar to the ui>|K-r Prida-lower Xntchez Pass 
relationship are some of the basinward-shelfwartl 
facies changes in the Pennian rocks of west Texas and 
X'ew Mexico as descrilKsl by King (104:i, 1948, 196'i) 



and further elucidaterl by X'ewell, Rigby, Fischer, 
VV^hiteman, Hickox, and Bradley (19.53). Especially 
analogous to the lower member of the Xalchez Pass is 
the Victorio Peak Limestone, which is interpreted as 
a marginal laink de.|>osit of organic-detrital carixmate 
sand that interfingers with, and was built progressively 
basinward out over, the partly correlative black cherty 
laminated Bone Spring Limestone deposited in the mar- 
ginal partsof the Delaware Biusin. 

aZLATIOSSIIIP arniEES voicamc *>d c*rbos»te rocks is the 
SATCIIEZ PASS EORMATIOS 

Volcanic rocks form only a small proportion of the 
Star Peak Group in the Humboldt Range except in its 
sout hwe«ternino.st exposures, where mafic breccias, flows, 
and luffs supplant, by abrupt interfingering, most of the 
ma.ssivo carbonate rocks of the lower member of the 
Xatchez Pass Formation. The stratigraphic relations of 
these volcanic rocks are well displayed east.ward across 
Black Ridge and can l» interpolated northward, but to 
the west and south they cannot be determined owing to 
the aKsence of outcro|>s in these directions. 

The paleogeographic significance of this volcatiic pile 
in the lower X’^atchez Pass of the southern Humboldt 
Range can be interpreted in two ways. It may represent 
localized recurrent volcanism along what was the slial- 
low sonthern margin of .Star Peak deposition where 
miESsive organic-detrital carixmate rock of the lower 
X'atchez Pass was the normal sediment Ix-ing deposited. 
Or it may have formed a submarine rise, jierhaps 
emergent at times, on which shallow-water carbonate 
deposition look place in an area that was relatively off- 
shore with respect to a generally north-south-trending 
shoreline. The increasing projxirt ion of volcanic* in the 
lower Xatchez Paas southward in the same direction that 
transgression took place at the base of the .Star Peak 
Group in the Humixildt Range tends to support the first 
of these interjiretations. Tlie alternative inteqiretation 
is suggested, however, by the abnormally great thick- 
ness of the lower X'atchez Pa.ss carixmate rocks adjacent 
to this volcanic pile as compared with their thickness at 
<kher places where they overlie a similar section of the 
Prida Formation but lack thick intercalations of vol- 
canic rocks. 

The X'atchez Pass Fonnation exposetl to the east of 
the southeni part of the Humixildt Range — near .Mc- 
Kinney Pass in the northern Stillwater Range nnd in 
the Toliin Range — is closely similar in composition to 
that which crops out along the southeast edge of the 
Humixildt Range. The volcanic riK-ks are generally 
restricted to a single unit that forms only the upiiermost 
hundretl feet or .so of the lower member. Recent lield 
stmlies by R. ('. .Six'ed (ond commnn., 1963), however, 
have shown that the area mapix'd as intrusive rock by 
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Muller, Ferpi.-on, and Kotierts (19r>l) on the steep 
east face of the Stillwater Kanjre— fiYim about 10 niiles 
south of McKinney Pa.<w south to Cottonwood Canyon — 
is underlain, instead, mainly by rocks of the Koipato 
and Star Peak Oroups. The Natchez Pa.ss exposed here 
was found by S|>eed to include a much larger jiroi>ortiou t 
of mafic volcanic rocks than it iloes several miles farther | 
north. Hence, in the northern part of the Stillwater 
lianjre, as in the Humboldt Haniie, rnlennir roeks within 
the Natchez Pas.s evidently thicken abruptly to the 
south. Unfortunately, as in the Huinholdt RaUfje, this i 
change takes place in the southernmost outcrops of the 
Natchez Pass, and the nature of the section still farther 
south cannot lie determined. Hut whether the .southward 
increase in volcanic rocks seen in the Humlioldt and ; 
Stillwater Ranges represents transition of the Natchez I 
Pass Formation into a widespreail volcanic unit, or ■ 
simply the presence of localized, randomly distributed 
volcanic piles within a preilomiuantly ealnireous sei’tion, 
it constitutes a facies change whose lioundary trends 
northwcst-southea.st, or alwiit at right angles to the ' 
general north-south or northeast -southwest trend of the 
.sedimentary facies-change boundaries within the Star i 
Peak Group that cannot be related to vulcanisni. Much . 
of the north to south change from relatively deep-water 
to shallow-water carbonate deposition displayetl by the ! 
lateral interi-elation between the up|H>r Prida aiul lower 
Natchez Pa.ss in the Humboldt Range may therefore 
relate tfi the shoaling elfect resulting from contein|K>- | 
raneous volcanic activity rather than to the pahsisloia* 
controlled by regional subsidence and by the erosional 
surface of the older rocks over which Star Peak 
deposition trttn.sgre,s.sed. 

RKCaoVAL Rtl.ATIOSS Or THE IreE* MEMHETI Of THE XATClIF.Z 
TASS roRMATIOS 

Compared with the underlying partsof the Star Peak 
Grouj*. the up])er memlter of the Natchez Pass F'orina- ’ 
tion is remarkably consistent in composition throughout 
the southern part of its regional extent. It is generally 
the, same in the Tobin Range as it is in the southern 
part of the Humboldt Range; in the northern Stillwater 
Range it is the same in composition hut is thinner. .\t all 
these i>laces it rests on volcanic ns'ks at the lop of the 
lower memlier of the Natchez Pass, and its lower conlai't 
is ,shar]> without noticeable resvorking of volcanic ma- 
terial upward into the upjier meml«T. 

In the high, northern part of the Humboldt Range, 
the up|H'r ineiulH-r of the Natchez Pass seems to U- 
closely similar to that farther south in thickness and 
composition, hut the iui'oniplele nature of the exposures 
pi’ei’ludes positive comparison. Farther northeast, in the 
.Mill City hill.s. however, the l•orrespon^ling part of the 
section is ditferont, though it has lieen suggestisl in the 



description of these rocks that the siliceous clastic unit 
within the Natchez Pivss here equates with the impure 
limestone that forms the lower part of the upper 
Natchez Pass farther south. If so, an abnipt change in 
lithology would again mark the base of the member. 

.Still farther northeast, in the type area of the Natchez 
Pass in the northern Fast Range, this chain of litho- 
logic correlations becomes decidedly weaker. Siliceous 
cla.stic rocks like those intcrcalcated with the Natchez 
Pa.ss carbonate rocks in the Mill City hills here form 
one or more units as much as a few hiindreil feet in total 
thickness in the up]>er part of the formation, hut be- 
tween them and the overlying Gras-s Valley Formation 
is apparently only a few hundreil feet of carbonate rock. 
Assuming a direct correlation of these siliceous clastic 
rocks with those in the Mill City hills, evaluation of 
the apparent reduction in thickness of the overlying 
Natchez Pass carbonate rocks must await more detailed 
stnictural and stratigraphic understanding of the East 
Range exposures. It should lie emphasized, moreover, 
that the greater lhicknes.s attributed to the carbonate 
iTH'ks alMTve the siliceous clastic unit in the northeastern 
Humboldl Range is little more than a guess and couhl 
I* seriously in error. Hence, although the upper part 
of the Natchez Pa.ss in the East Range may relate to 
that in the Mill City hills, and the.se rock.s may in turn 
relate to the upper memlTcr of the Natchez Pass recog- 
nized farther south, positive correlation is not yet 
possible. 

Despite these difficulties in recognizing the upper 
inemlaw in the more northerly outcrops of the Natchez 
Pass, attention is drawn to the possibility that the up- 
jier inemiK'r di.sconfomiably overlies the Imver menilier 
of the Natchez Pass. This i.s suggested by the laterally 
uniform lithologic nature of the upi>er Natchez Pa.ss in 
its more southerly exposures and by the sharp contact 
separating it from the relatively heterogeneous and lat- 
erally variable older parts of the Star Peak Group. F ur- 
Iherniore, the faunal evidence is not inconsi.stent with 
the existence of a hiatu.s within the Natchez Pass F'omia- 
tion. The faunas in the lower Natchez Pass and upper 
Prida that are tent.atively dated as earliest Karninn oc- 
t cur only a few hundred feet below the base of the upper 
memls<r of the Natchez Pas-s, whereas the late Karnian 
fauna from the Natchez Pa.ss of the Mill City hills oc- 
curs just alsive the stratigraphic Imse of the siliceous 
cla.stic unit, which may correspond to the lxi.se of the up- 
per meiidx'r. Tlie abseiuv of upi>er lower Karnian strata 
may thus Ix^ inferred, though biostral igraphic .standards 
in North .Vnierican are currently inadequate to suggest 
what pnijKirtinn of the Karnian this omission might 
repre.seut. 
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Thi> (ioorpnsinfr ntte of sulisiilenre siig^n^twl liy tho 
pniprossive seaward deposition of the shallow-water 
carlsinate rocks of the lower Natchez Pass out over the 
iip{>er Prida rwlcs may have culminated in a brief epi- 
sode of uplift and cmerp^nce prior to deposition of the ■ 
iipi>cr Natchez Puss. Rejmenation of lawderiiift source 
hinds rclatcil to this uplift mijdit then account for the 
coai-se-prainiHl terrip>nous clastic sediments that ap- 
|>ear in the upjier part of the formation in its north- 
ea.stern exposures in the Humboldt Raiifre and in the 
northern Ka.st Range. 

GRASS VALLEY FORMATION 

The Grass Valley Formation of the Humboldt Range 
agrees in stratigraphic position, composition, and gen- 
eral thickness with the typical exposuras of the forma- 
tion in the. northern East Range (Ferguson and others, 
1951). In the Humboldt Range, as in the East Range, 
the greater part of the Grass Valley is dark argillite, - 
slate, and lihyllite interlaminated in part with mica- 
ceous siltstone or very fine gitiined sandstone, all of 
which characteristically weathers to olive gray or a 
similar color. Sulxirdinate interbedded units of sand- 
.stone as much as .several tens of feet thick form occa- I 
sional dark craggy outcroiis on the otherwise smooth, 
rounded slopes underlain by these rocks. Owing to the 
lithologically re[K'titious, [Kiorly exiwsi'd, unfossilif- 
emus, and structurally complex nature of the.se rocks, 
their true thickness and detailed stratigraphic .succes- 
sion is indeterminate. 

In the northern part of the Humboldt Range the 
Grass Valley Formation crops out extensively in the 
low hills along the northwest flank of the range from 
tho Standard mine area north to Imlay Canyon, -\long | 
with the highest lieds of the underlying Natchez Pa-sa 
Formation, the incomplete Grass Valley .section here 
forms the upper plate of the Humboldt City thrast 
and has overridden older parts of the Star Peak Group. | 
Allowing for unrecognized faults and small-.scale fold.s, 
prolxibly much more abundant than is evident, a few 
thousand feet is a reasonable estimate for the expo,sed 
thickne.ss of the Grass Valley Fonnation. -Vt the north- 
east end of the Mill City hills, a few hundred feet of I 
lowest Grass Valley rocks overlie the Natchez Pass ^ 
Formation in the axial region of ii major overturned ' 
syneline. 

-\t the .southern tip of the Ilumlwldt Range the ■ 
Gra.ss Valley Formation underlies most of the Pershing 
mining district and the low hills iKirdering the .south 
end of Black Ridge. Although laith the lower and upper 
lioundaries of the formation are expo.sed, an indeter- 
minate amount of the section may he cut out structur- 
ally. The minimum estimated thickness is about 2,000 



feet. Exposures of the lower j>art of the Gra-ss Valley 
Formation wrap conformably around the .south-plung- 
ing anticlinal nose of Star Peak rocks at the south end 
of Black Ridge from Packard Flat eastward to Cow 
Canyon. Farther north along the southeast flank of the 
range, the Grass Valley has lieen eroded away, but it is 
pre.served liencath the Cenozoic ba.salt flow lietween 
Dry Gulch and .Vmerican Canyon, where it ajipears in 
the underground workings of the Hillside mine. 

Much of the Gra.ss Valley Formation exposed in the 
Pershing district repre.^ents the highe.st several hundred 
feet of the formation re|)eated structurally and is 
atypical in weathering mainly to shades of ml or orange 
and in having .some interlx'dded calcareous rocks. The 
color dillerence lietween this part of tlie Grasi Valley 
section and the underlying parts is partly a hydrother- 
mal effect, but it may also reflect some primary comiio- 
sitional difference. On strike with the red- and orange- 
weathering Grass Valley exposures in the Pershing dis- 
strict arc similar [lelitic and sandy rocks in the small 
portion of the West. Hnmlioldt Range included within 
the Buffalo Mountain quadrangle, but the full extent of 
the Gra.ss Valley in the West lIumiMildt Range is 
unknown. 

The up|ier contact of the Grass Valley Formation with 
the overlying carbonate rcM'ks of the Dun Glen Forma- 
tion in the Pershing district is gradational; the highest 
argillaceous and sandy lieds of the Grass Valley are 
calcareou.s in part and include lenticular Ixsls of lime- 
stone. On the geologic map, the upper limit of the Grass 
Valley is ariiitrarily placeil at the base of the lowest 
laterally jiersistent cariionate unit on each of the differ- 
ent strike ridges wheie the Grass Valley-Dun Glen 
transitional contact is exposed. As the main Ixsly of Dun 
Glen carbonate naks jirobably Ixiars a complex lateral 
relation to the similar, iliscontinuous carlKinate beds in 
the np|H>rmost Grass Valley, the formal ional houndary 
as drawn juobidily varies .somewhat in .stratigraphic 
level from place to jilace. 

LITHOLOGIC DESCRIFTION 

Most of the Grass Valley Formation is formed of 
nietapelitii', silly, and samly rocks that nqiresenl the 
same gimeral sjjuive of sediment supply and differ 
mainly in the degree of skirling and in nietamorphic 
elfrots. Thesr' rocks are largely noncah’areous and la<‘k 
interbedded carlKUiale risks; exceptions are the high- 
est parts of the formation transitional into the over- 
lying Dun Glen Formation. Terrigi'iious delrital 
material is>arsi‘r than medium-grained sand is absent. 

The liner grained |H'litic and silty ns-ks make up two- 
thirds or more of the .section and incinde slate, phyllite, 
argillite, and micaceons siltstone. .All ihisse ris ks are 
black, or nearly so, in fresh exposim's, but weathei' 
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olive black (5}’ 2/1) to light olix-e gray (5}' R/1) and 
greenish gray (5fr')' (!/l)- Commonly all these fine- 
grained rock types, wliich differ mainly in the pro])or- 
tion and grain size of their silt content, are mixed 
togetlicr in llie finely broken surface debris at any one 
place. Siltstone is generally distributed as very tliin 
stringers and laminae through the mure |>elilic rucks, 
but locally the .section may l)c (tredominantly .slate or 
pliyllite through several tens of feet or more. 

The composition of these line-grained noncnlcareous 
rocks has not lieen .studied rigorously. .ludging from the 
nature of the interstitial material seen in thin sections 
of the sandstones in ussocintion with them, the original 
clay content of these |»olitic rocks has Iteen entirely 
recrj'.stallized to sericite and chlorite. This is .supported 
by X-ray diffraction analy.sisof two sami>les that char- 
ai'terize the extremes in mega.scopic appearance among 
tlie noncalcareous mrta|ielites in the vicinity of Hum- 
boldt Canyon. Despite their difference in up|>earance — 
one sample is a lustrous dark-olive-gray slate and the 
other is a “soft" medium- to light-olive-gray silty argil- 
lite — their compositions are alamt the same. Both of 
them, according to I). B. Talhs'k, are about half (piartz, 
with muscovite and chlorite making up the remainder; 
their total iron content is about li ])ercenl. The presence 
of clay is suggested only in the weathered-appearing 
argillite and can be attributed to weathering. 

Sandstones make up about one-third, or less, of the 
Grass Valley Formation in the IIiimlMddt liange and are 
chiefly of two different ty|)es characterized ns "impure" 
mid “clean.” To some extent these are intergradatiumil, 
but intermediate varieties are .scarce, and the two differ- 
ent types seem to represent distinct dc|x>sitionnl 
environments. 

The impure sandstone is mainly very line grained — 
most of the qimiiz grains in the size range from 0.0;') 
nun (coarse silt) tuO.lUmm (fine .sand). Original argil- 
laceous impurity is represented hy interstitial sericitic 
mid chloritic material ; the chluritic material imparts an 
olive-gray or greenish-gray color to fresh surfaces of 
the. rock. The pure sandstones, on the other hand, are 
medium or fine grained and range from nearly while 
to medium light gray (.Vll) and light hniwnish gray 
(.i) AM! /I) on fresh ex|K>snrcs. Characteristically, their 
nnweathered surfaces are speckled by dark-brown ag- 
gregates of ferric oxi<h*s and calcile. Thesi* calcareous 
patches may amount to 10 |iercenl or moiv of some 
sani{)les, hut most of the rock isi-ementeil by interloi-k- 
ing overgrowths of the i|uarlz grains, .\part from their 
differeiK'es in grain size and matrix nialerinis, the im- 
pure and clean sandstones are much the same in the 
mineral composition of their silt and sanil fractions. 
Quartz grains an- the most abundant and in the coarser 



size fractions are moderately well rounded. Albite is 
present in varying amounts that may be ns much as 
aliout 30 (jercent but usually are not more than several 
[lercenl. Xo i>olush feldspar is apparent in the thin 
sections studied. .\ll the sandstones are conspicuously 
micaceous; detrilnl flakes of muscovite form at least 
seieral [leirent of the impure sandstone heels and are 
concentrated on their internal stratification surfaces, 
giving them u characteristic spangle. Only a few larger 
grains of biolile ate preserved, and lhc.se are in different 
stages of chlorilization. Discrete flakes of chlorite, 
present in minor amounts in some samples, are prob- 
ably also a detrital constituent. Heavy minerals are 
abundant, and in the impure sandstones where their 
grain size is comparable to that of the quartz, they may 
constitute a few grains out of every hundred counteil. 
The commonest varieties are a distinctive bluish-green 
tourmaline, zircon, and opaque grains (largely 
leiicoxcne?). 

Of the I wo kinds of sandstone, the impure is the more 
abundant, and in comiKisition and manner of occurrence 
it is transitional into the siltstone stringers that are per- 
vasively interlieddiKl among the noncalcareous iielitic 
locks. Tinpiire .sandstone occurs ns very thin or thill 
even lieds either iiitersiKTsed in the dominantly |ielitic 
section or, nion- chann'Ieristically, gniii|>eil together in 




Fiui'ri to, — Very thin and Ihin-tssldcil imimre sandstone of the 
lirnss Valley Fonnatlon on the crest of the nortlH-rn Kast 
Runjte utsml 1 mile souttieasi of linn Glen Park, (-harncteris- 
lic of onlcntiM of this kind of sandstone in tioth the northern 
Hast Unniic nnd in tile ilimdsddt Hailfte. 
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sots with iiolitio partiiifpi betweon them (fijr. 10). These 
sets riinfre fiami a few feet to several tens of feet in 
thiekness and apparently are laterally diwontinuoiis. 
Keen where ex[K)Sin'es aiv ({o<k1, none eonhl be tracctl 
laterally for a distance nivater than about 10 times its 
thirknes.s. Both the lower and upper siirfsices of the 
impure sandstone l)eds are sliar|>ly defined, and the lieds 
sliow no iiradiiij;. Small-scale oiirrenl eros.sbeddin(r is 
commonly well develo])ed and expre.ssed on the top 
surfaces of the U‘ds by linftuoid ripple marks (fig. 11). 
Xo other kinds of ripple marks are found on these l)cds. 
The Imttuni surfaces eommonly l)ear load casts (fig. 
I'Jf’). More rarely, the Imttom surfaces display a pro- 
fusion of current -fomietl sole markings of the drag and 
impact kind, where these markings have not been ob- 
literated by load casts. The.se “drag," “brush," "bounce," 
ami “prtKl" marks are invariably as.s<K'iated with the 
ripplemarked Iteels and on any one Ited indicate the same, 
current direction ns thatshown by the rip|)lc marks (fig. 
l;5). Thus, the oltjects that marked the soft bottom on 
which the sand was deposited tnay have l>een earrietl by 
the same currents I hat transimrted and rippled the sand. 
Some of the more unusual kinds of .sole markings found 
on the l)ottom .surfaces of these itnpure siimLstone liedsof 
the Grass Valley were illustrated by Ilzulynski anil 
Sanders ( l!Hi2, te.\t-fig. +; pi. 10, tig. .1 ; and I>1. 10, fig. 
£’). 




Fict'Bt: II.— LliiKUuitl rit>[tle marks f*a the tu|t surface of an 
tni|Hin> sand-Htoue last in tin* Grass Valtey Formation. I'eiicil 
psUnt la In the direction of current. Same locality as tliture 10. 



The slightly calcareous light-colored clean sandstones 
otx’tir as widely sepanitetl discrete units seivenil feet to 
several tens of feet thick and are most abundant in the 
higher parts of the Grass Valley section. T*nlike the sets 
of impure sandstone Iteds, some units of clean .sandstone 
are Inlemlly persistent. Two of them (possibly the same 
unit rei>eatetl stnictimilly), though only 10 feet or so 
in average thickness, c-an lie tracetl for more than 1 mile 
between TTumlmldt and Imlay Canyons. The clean sand- 
stones are commonly medium Ixslded and massive ap- 
l>enring, although some planar lamination is usually 
present within the Iteds. Oscillation ripple marks were 
olyserved near the mouth of Tmlay ('anyon and in the 
Pershing di.strict, wheiv the clean sandstones near the 
top of the fonnation are commonly crossbedderl. These 
structures pnrvide some of the lop and bottom criteria 
on which the stmctiiral inler))retation of the Pershing 
district is ba.sed. Of even greater value for this purpose, 
liecause of their more widespread occurrence, are load 
cast.s formed on the soles of some clean saiid.stone Ixsls 
that are intercalated with ]>elitic rocks in the highest 
part of the Grass Valley Fonnation. 

The uppermost part of the Gra.ss Valley Formation 
is reiieated .sevend times in the complexly folded and 
faulted part of the Pershing district southwest, of the 
Relief fault. These rocks differ in ap|)onrancc from the 
main Imdy of the Grass Valley elsewhere in the range. 
Pelitic. rocks predominate, tis they do throughout the 
formation, but their weathering colors are chiefly light 
shades of orange and red, generally in the range from 
yellowitih gniy through grayish orange to pale red. 
Both brittle-fracturing argillites and slates are repre- 
sented as well as some “soft" fluky “shale.” Interbedded 
in subordinate amounts are clean pinkish-gray (com- 
moidy .’))■/£ 7/1) calcareous sandstone and discontin- 
uous units of limestone. ,^ome of the lime.stone is in mas- 
sive gray Iteds much like those of the overlying Dun 
Glen Formation; other units are impure and weather 
light brown, and some are nodular mixtures of gray 
lime.stone in brown calcareous sandstone. Marine, fossils 
occur in the stmtigraphically higher of these calcareous 
inlerlieds. 

Although the,se deformed upper Gra.ss Valley rocks 
have a rather large outcrop area, their thickness prob- 
ably amounts to only smeral hundred feet. In the up- 
right and apparently continuous Grass Valley section 
soulhwe.st of the anticlinal axis that runs through the 
Ilollywraxl mine area, the transition from the more 
characteristic dark metn|ielitrs and associated sand- 
.stones up into the overlying grayish-orange-weatber- 
ing la-litic na-ks willi some interbeilded limestone takes 
place alaiut 701) feet lielow the top of the fonnation. 
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The ren-Sdii why the politic rocks in (he Pcrshinp di.s- 
(rict weather preiloiniimntly oran>rc ami red, ns com- 
pared with the dark-olive or jrreenish-jrray color of the \ 
|>elit.ic rocks in other parts of the Grttss Valley section, is ■ 
not fidly understood from the data at hand. .\s seen in 
favorable c.ximsnres. snch as in mine workiiifrs and deep 
pullies, the orange color results from weathering of 
originally dark-i-olored |K'lite. The few samples of these ; 
orange- weathering rocks analysed by X-ray diffraction 
have kaolin and illitc as their principal sheet-structure 
minerals, wheieas the dnrk-gri‘enish-grny-we<ithering 
l>elit«s are chlorite-bearing. Thus, the ditferenoo in ; 
weathering color may lie relateil to the ilitfercncc in com- 
position. The chlorite in (he dark-weathering pelites, 
though probably largely rei-rystallized, must represent 
sotne original ferromagne.sian i-onstituent such as fine- 
grained detrilal chloritic or biotitic material that was ' 
either ahsent or Ihls lieen altered in the clay-ljcaring, ■ 
nonchloritic, light-weathering rtK-k.s. Alteration by per- ' 
vasivc hydiothermal activity is a s-trong [lossibility, and 
in places networks of fractures i-rosscutting the orange- 
weathered rocks aio iKirdei-cii by bamls of red-wenthered 
rock a fraction of an inch wide, clearly indicating the 
alteration nature of the orange to red color change. 

Xevertheless, some |>rimary com|iositional control of 
the light-weathering characteristic is suggested by the 
essentially stratigraphic nature of itsboundaries. Where 
the, transition lietween dark-weathering and light- 
weathering mctapelites is exposed near the Hollywood 
mine, it roughly parallels Iwdding, and in the north- 
we.stem part of the Pershing ili.strict, dark-greenish- 
gray slate and argillite forms a distinct .stratigraphic ( 
unit at the top of the (irass Valley and separate.s the. 
orange-weathering ro<-ks lielow from the overlying 
Dun Glen Fonnation. Furthermore, orange and red 
weathering generally coincides with the calcareotis part I 
of the section to which marine fossils are re.strictetl in ‘ 
the irumladdt liange and elsewhere, ns in the northeni 
.S'tillwater Kange. ft seems unlikely that a difference 
in dei>o«itional environment could explain the pre.sence | 
of clays instead of chlorite in these rocks and this proli- 
lem remains unsolved. Hut orange and red weathering 
might result from some other minor constituent unique 
to the marine calcaixsMis part of the section — for ex- 
nin]>le, an iron-liearing cariionate mineral that has lieen 
removed by sul>seqnent leaching. 

At two different localities in the upper Gra.ss Valley 
Formation of the Pershing di.strict, flute casts Gigs. ! 
lii.l. />) were found on the .soles of thin or very thin 
beds of somewhat calcareous, but relatively poorly 
sorted, sandstone intercalated with orange or red pelitic 
rocks. These ar<? the only known occurrences of these 
structures in the formation, and its discussed under | 



paleogeogrnpliic interpretation, they were formed by 
currents different from those that deposited the noncnl- 
careoiLs impure sandstones lower in (he section. 

In the northwestern part of the Humboldt Range, in 
(he Imlay quadrangle, srtme slate and slaty silt.stone 
of the Grass Valley Fonnation along the range front 
immediately north of Huinlmldt Canyon weathers red- 
brown ( loR .‘i/I and similarshades) and includes string- 
ers of calcareous silt.stone and very fine grained culca- 
reoiis sandstone. Ry analogy with the stratigraphic 
level of similar rocks in the southern part of the, range, 
these red-weathering calcareous beds may be near the 
top of the formation. 

Farther south along the northwestern range front, be- 
tween Hiimixildt and .lolmson Conyons, the Grass Val- 
ley rocks in a licit about 2 miles long and as much as one- 
half mile wide have lieen extensively altered, evidently 
by hydrothermal activity. The eastern boundary of this 
alteration zone is abrupt and to the north, toward Hum- 
Isildt f’anyon. it apparently coincides with a fault rec- 
ognizerl within the Grass Valley Formation. Xorthward 
along strike the altered Grass Valley passes into the 
dark mctapelites and sandstones characteristic of most 
of the formation. Within the altered zone the finer 
grained parts of the section have been transformed into 
striictnrele.ss den.se aphanitic rocks that commonly have 
light-gray and pale-red concentric color banding. In 
places they are further altered by bleaching and silicifi- 
cation. Sand.stone units can be recognized, but the ti.sua] 
metapelitic micaceous and chloritic interstitial material 
of the sandstone has Ireeti altered to ferric oxide and 
clay. 

AOE 

Fossils other than traces of plant remains are un- 
known in the Grass Valley Formation except in its 
np|iennost lieds, which are transitional into the over- 
lying Dun Glen Formation, and these oi-currences are 
treated in the discussion of the Dun Glen Formation. 

As up|M>r Karuian fauna oi-cur in the up|ier part of 
the underlying Natchez Pass Formation and lower 
middle Xorian faunas characterize the uiqiermost Gra.ss 
Valley and the Dun Glen Fonnation, the age of the 



Kicu-rk (2. — S4slimeatarr Ktructun-s mi the iKrttmn siirfatvs of 
samUtmie stnhs from ttie up|M<r (Mirl of the Grass Valley 
Koriiiatlmi in llie Uerstiiiie iltstrict at tlie smith end of the 
Hiimliotitt Kiiiiae, ,\lt rviliicisl to otie-balf iiatiinit size. .r. 
F'litte nists from Im-iilit.v aliont one-thint of a mile northea.st 
of tile Hollywoml mine, t'lirrem ilirei-tion towiinl lower left, 
ft. Stiml|.s<-iile ttiite msts from lix-ality on tlie soitth side of 
South Relief t'aiiyon in the ei-ntnil imrl of ses-. 2U. T, *J7 N. 
K. .*14 K. I'lirrent dins-tion toward lower left. U. Ismd casts 
from I.M-ntity ahoiit oinstentli of a mile southwest of ttn- 
lloilywood mine. 
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Gras-s Valley is bracketed lielweeii fairly narrow limits. | 
It is mainly early Xorian in age, but incbules strata of | 
early middle Norian ape at its lop and may include 
strata of latest Karnian ape at its base. (See lip. 3.) 

faleooeoorafhic intebfbetation 

Tbe paleopeoprapliic interpretation of the Gras.s 
Valley Formation has far-reaching sipnificance because 
it bears on the depositionid hisloiT of the much larger, 
lithologically similar Imdy of strata of which it is a I 
part. The Grass Valley forms the base of a thick wide- I 
spread assemblage composeil mainly of tine-gniined 
terrigenous clastic rocks that ninge from middle I,site 
Tria-ssic to Karly .lurassic in ape. These rocks, which 
crop out at a numlter of places in Pershing (’ounty 
and eastern Humixildt {’ounty, overlie the Star Peak 
Group and form the upper part of tbe “Winnemucca 
sequence’’ of .Silljerling and Itoljerts (19G2). .Some units 
of carlionate iwk, such as the Dun Glen Formation, : 
occur within this predominantly |>elitic luid samly a.s- ] 
semblage, but even though their lhickne.s,s may locally 1 
amount to several hundred feet or more, they fonn only : 
a small pro|x>rtion of the whole. 

In the IFumlioldl Kange and the nenrliy ranges to the 
ea.st tills assemblage is rcpi-pM-nleil by the Grass Valley, 
Dun Glen, M’inneiuucca. and Hiusplierry Foniuil ions and ^ 
some unn.ssigned .strata in isolated exposures. Although i 
an uninterrupted seipience of the-si* fonnntions, which 
lielonp mainly to the I'piHT Tria.ssii', is not pieserved, i 
their aggregate thickness is at least sevenil thou.saml ! 
feet. IVith the addition of similar strata that probably ‘ 
represent higher parts of the section in the West Hum- 
boldt Kange and Kiigene .Mountains, the total original 
thickness of this assemblage in the vicinity of the Hum- ! 
bohlf Kange was probably much greater. 

Tile thickest and most complete known section of 
these rocks is that desiTibed by Compton (lOfiO) in the 
.Santa Kosa Kange aliout 60 miles north-northeast of the 
Humboldt Kange. This section has a thickness of at | 
least 20,000 feet. The lowest cxposeil part of this section 
is a.s.signed to the Grass Valley Formation: succes- 
sively higher units were assigned by him to the AVin- 
nemucca, O'Xcill, Singas, Andorno, and Mullinix 
h’onnations. Except for minor amounts of calcareous , 
and dolomilic rock.s. all of this section is roni|>osed of 
metai>elitic, silty, and sandy rocks that “had es.sentially | 
one soiin-e and were deposileil uiidcrsimilar conditions’’ 
(Compton, 1060, p. 13S0). The general features recog- . 
nized by Compton are ispially descriptive of the equiv- I 
alenl strata, including the Gra.ss Valley Formation, j 
farther south: (1) pelitic nicks, commonly cliloritic 
nietajielitcs, pivdomimite; (2) the coarser grained ’ 
dcirital constituents are the same throughout and con- 



sist of qiiartzose, somewhat albitic silt and sjind. con- 
spicuous amounts of inicaceou.s material, and greater 
than noniiat amounts of relatively stable heavy min- 
erals: (3) terrigenous cla-stic sediment, coarser than 
medium sand is generally aliseiit : (4) first -cycle volcanic 
debris is not a significant constituent: and (.'i) emss- 
liedded rather than graded sandstones predominate, 
suggesting sedimentary transport mainly by tractioiial 
bottom currents. In addition to these generalities, where 
carbonate units are s[)onidically intercalateil in the 
section the units commonly liear evidence of shallow- 
water deposition such ns the local abundance of oyster- 
like pelecy[Kxls or the presence of liermntypic coraLs, 
coniline algae, or stromatolites. 

Kegional analysis of sjiecific parts of thi.s thick as- 
semblag" is complicateil by probleni-s of correlation 
caused by the lateral and vertical repetition of similar 
rtK’k tyjies, the structural complexity ami metamor- 
|>hism in some outcrop areas, and the scarcity of ag»‘- 
diagnostic fossils. The Grass Valley Formation, be- 
cause it is at the ba.se of this assemblage and is locally 
overlain by the di.stinclive carbonate rocks of the I>un 
Glen Fonnation, is the only terrigenous chnslic part of 
this assemblage that can yet l)e recognized as a discrete 
natural unit in several adjacent mountain ranges. 

Lateral change within the Grass Valley is pronounced 
among its principal ex[)osure,s, which are restricted to 
either end of the IIumlMildt Range, the northeni Ka.st 
Kange. northern .Stillwater Range, and the Tobin 
Kange, The thickness of the formation and its comp<wi- 
tion in terms of the proportions of generalized rock 
types at these different places is compared in figure 14 
by means of pie ilingrams. For the more northerly and 
westerly exposures, where the detailed internal stratig- 
raphy of tile formation cannot lie determined, the.-s* 
diagrams are only estimates. Xonetlieless, they are 
meaningful for the purpose of gross comparison in view 
of the strong dilfcrences laTween these eximsures aiul 
those farther southeast. 

The ea.stemniost exp(e»ui'ea of the Gras.s Valley For- 
mation are in the Tobin Range, where it is about 
feet thick and consists mainly of light-colored clean 
calcareous sandstone. Limestone forms a minor projair 
t ion ami is rcpre-seiitetl for the most part by one or iniTre 



FKiVae 13. — Setllmentarv stnii-fure.'* i>f a sliiKle slab i>f thin- 
luMldnl •qimlNtoiU' fr««ii (SraKs Valloy FViniiation 

on rile riVKt «f the in»rthi’ni HiiiiKf jUM»ut 1 mllo wHUlu'ast 
of iHin I'ettk. Ivfft-riKlit orkmtntioh Mauii* for all 

tlinv views, whi(*h nn* ono-htilf luiturttl size. dire<'- 

liotk ki'iiornlly fmn» loff ttk rijfht- .4. 8iwK»tli iiottoiu surfaiv 
innrki'Hl l»y «mstt« nnd other liuiuivt-miirk (‘usts. It, Sawn 
siirfiii'i* of cr<iKs sh«>wiiiR iMirrent t‘ro»<s)>t>d(Iinjr. (\ 

Top Kurfa<H> lH>tiriiiK Unisuoid rip]il«* marks. 
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units of mnrinei sJielly dptritus npar the middle of the 
section. Interbeilded units of nrpilliircoiis ntoks are in- 
conspiciiotis. The predominant sandstone istliickbecided 
awl forms homojjeneous units up to a few tens of feet 
thick that are di-stinpuished fmm adjacent similar units 
h_v suljtle differences in prain size, cementation, and 
herldingchamcteri.stics. Laige-si'ule planarcrossbedding 
is characteristic of most tjeds, and fossil aurioarian logs 
are not uncommon near the top of the formation. The 
sediinenlan- environment suggested by the.se rock.s is 
that of a Ijeacli or neursliore murine bar. Similar rocks 
that are approximately correlative, and evidently were 
deposited under much the same eondition.s, are. includeel 
in the Osoljb Fonnation, whose typical exjKisurcs are 
in the Augusta Mountains altout 20 miles south of the 
tirajis Valley ex[><isure.s in the Tobin Range. 

The exposures of the (irass Valley next west from 
the Toljin Range are in the northeni Stillwater Range, 
where the fonnation is only about 1,,100 feet thick. Ap- 
proximately the up|>er half of the section here is similar 
to the (Jra.ss Valley of the Tol)in Range in being com- 
posed predominantly of well-wn.shed light-colored cal- 
careous sandstone with sulsordinato interbedderl units of 
lime.stone and argillaceotis rocks. The lower part of the 
section, however, is noncalcareous pelitic rock with some 
.silt.stone and sandstone. 

Compared with these ex[>osures in the Tobin and 
Stillwater Range.s. the Grass Valley Formation in the 
Humboldt Range and the northern Ea.st Range farther 
we.st and north, differs greatly in thickness and comivosi- 
tion. In these plaics, it is oJiviously thicker, although 
accurate measurement is not iio.s.sible,nnd is largely com- 
l>osod of noncalcareous dark-<x>lored pelitic rocks and 
impure siltstone and .sandstone. Clean .sandstones are 
I>oorly repre-si'iited, and the minor proportion of lime- 
stone is re.stricted to tlie highest jairt of the section. 
Thus, alfhougli it is everywhere largely a fine-grainetl 
clastic formation sandwiclusl iH'twecn the shallow-wa- 
ter murine carlM)iiate rocks of the Xatchez Pass and Ihm 
Glen Formations, the Grass Valley iindergtx-s a nearly 
complete change in character within a lateral distance 
of a few tens of mile.s. 



Kicivre 14 . — Thlrkiie-ss, cnmposttlon. and paleocarrent direettnns 
nf the Grass Valler Fnrmatinn In the lluathnldt Unnffe mat 
nearby ranges to the east. S^ilid black art-as show the map 
dlstrihutlon of the jirtncitatt tlriiss Valley exiHwarcs, for eai-h 
of which the rhickiiesK ami comiHisitloii the fummtl4in Is 
rcpres4*nusl by the adjilcellt pie dimtram. t’urreiit directions 
based on serliincntary struHares — primarily linttnoid rliiple 
marks— of the thin-bedded impure sandstone units are plotted 
as rose diUKrnms on the outside <»f the ide diiitcrams. The 
leiiKth of each 1.1* arc on the rose diattrams Is profsirtional 
to the number of separate obsf'rvatlcms that fall within that 
arc. 



Impure sandstones of the kind discussed in the de- 
scription of the Grass Valley of the Ilumlxtldt Range 
arc a subordinate, but distinctive, pari of the pelitic 
sections in the Humboldt and Ea-st Ranges and are re- 
stricted to them. Prevalence of strongly directional lin- 
giioid ripple marks is characteristic of these impure 
sandstones, together with their consistent composition, 
very fine grain size, and occurrence in discontinuous 
sets of thin beds. Current directions were determined 
from tlie.se ripple marks wherever possible in the 
Ilumlaildt Range, as well as in the vicinity of Dun 
Glen Canyon in the East Range, and are plotted in 
figure 14 in 15° cla.ss intervals a.s rose diagrams aroimd 
the peripheries of the pie diagrams for these localities. 
In general, the orientation of ripples on successive beds 
shows no perceptible difference, and each obsen'ation 
plotted represents the single current direction estimated 
visually for all the beds at one locality. In restoring 
these measurements to the horizontal — in some instances 
from an overturned position— folding was a.ssumed to 
have been alxnit horizontal axe,s. Unfortunately, local- 
ities where the bedding surfaces are exposed well enough 
that the sense of current direction of the linguoid rip- 
ples ran Ije estimated directly are few. Nonetheless, the 
number of observations is siifficiently large, in view of 
the strong grouping of the observed current directions 
I around a general west-northwest trend, to indicate that 
their distribution differs from a uniform distribution at 
a high level of significance. The magnitude of the result- 
ant vector, based on the combined observations from the 
East Range and northern Hunilioldt Range, is about 93 
I percent. This northwesterly current direction is se«- 
I ward and approximately perpendicular to the shore- 
I line that would lie inferred from the general distribution 
and character of Middle and Upper Triassic rocis in 
northwestern Nevada. 

Also a part of the predominantly pelitic facies of the 
Grass Valley Formation, though less common than the 
impure .sandstones, are the occasional laterally persist- 
ent units of well-washed light-colored sandstone. These 
clean sand.stones tend to lx- massive but show some pri- 
[ mary sedimentary structures — cither planar internal 
lamination or crossbedding related to symmetrical oscil- 
lation ripple marks. MTere measured in one part of 
the northern Humboldt Range, the crests and troughs 
' of oscillation ripples, i-e.stored to the horizontal about a 
presumed horizontal fold a.xis, strike uniformly north- 
I east, or at almiit right angles to the current direction 
indicated by the linguoid ripples of the impure .-.and- 
i stone licds in the same outcrop area. 

Interpivtation of the Grass Valley Fonnation as |mrt 
I of a near-shore deltaic comple.x is thought lo la\st lit its 
1 combined chamcteri.stica and is in context with its role 
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US one )>nrt of n much liirger nssemldaffe of similar fine- 
jrmined terrigenous clastic .sedimentary rocks. Tlie rela- 
tively thick noncaloareous unfossiliferous pelitic. sec- 
tions of the Grass Valley in the Humboldt Range and 
northern East Range may represent the lobate part of 
a delta built westward into the marine basin out l>eyond 
the deposit ional site of correlative shoreline deiwsits of 
sandy and calcareous nx-ks like those that form the 
Grass Valley in the Tobin Range and the Osobb Forma- 
tion still farther south and east. 

The uniform current direction, lateral discontinuity, 
and other features of the impure sandstone units within 
the pelitic facies agree with interpretation of the.se sand- 
stone units ns channel deposits representative of the flu- 
viatile distributary sj’.stcm on the delta surface. Asso- 
ciated units of clean sandstone may be in part Iwach and 
Iwr deposits formed during periods of sorting and win- 
nowing by marine, wave action and then incorporated 
in the muddy section of the delta hy its further growth. 

The parti}' calcareous uppermost several hundred 
feet of the Gra.ss Valley Fonnation at the south end 
of the Humboldt Range is interpreted as having lx<en 
deposited on the submarine slopes of the delta flank 
during the waning stages of Giuss Valley delta build- 
ing. Sedimentary features shown by the sandstone 
among these r«x'ks include planar crossliediiing, oscilla- 
tion ripple marks, and, more rarely, flute ca.sts on the 
■soles of msigraderl lieds. Significantly, current-rippltHl 
impure sandstone lieds, or the kind found elsewhere in 
the formation and interpreted ns fluviatilc channel de- 
(losits, are absent. Wiere measured in two ]>laces in the 
Pershing district, the orientation of flute casts indicates 
currents that were originally .soiithwanl. Roth flute 
ca.sta and indications of southward-moving currents ap- 
parently are unique to this highest part of the Gra.ss 
Valley section and may relate to marine depo.sitioiial 
nmditions. 

The foregoing general interpretation of Grass Valley 
sedimentation implies deposition of the entire assem- 
blage of line ginined rock-s, of which the (irass Valley 
Fonnation is a part, along a prograding shoreline. It 
also implies major river draiitage into northwe.s-tem 
Xevada as a souree for the.se sediments. Xo i>ree.xisting 
thick accumulation of fine-grained clastic sediment 
that I'ould be readily <-annibalized and redeisisited was 
hx’ally available. Xor could local uplift and rapid ero- 
sion of the Paleozoic rection in western and centinl Ne- 
vada, which includes large pro|>oi-tionsof re.sistent chert, 
quartzite, and volcanic nx k, have yielded the necessary 
large volume of exclusively fine-gniined terrigenous 
clastic .■asliment. A more reasonable s|H>«'ulation is that 
iK-ginning in middle Late Triassic time the drainage 
from some large ]M>rtion of the eastern Great Basin, the 
Colorado Plateau, and Ria-ky .Mountain provinces, parts 



of which are known to have lieen alluviated areas of low 
relief at this time, found acceas through northern Ne- 
vada to the .sea. Deltaic deposits, like the i>elific facies 
of the Grass Valley Fonnation, may have fonned at 
different times and places as the mouth of a river mi- 
gnvte<l north and .south along the shoreline in northeni 
central Nevada. Sediment thus delivered to the se« 
was further sorted and .sjiread by marine de|>ositional 
processes — the result Ix-ing a thick extensive internally 
diverse a,ssemblage of [lelitir, silty, and sandy rockin. 

DUN GLEN FORMATION 

The Dun Glen Formation is mainly dark well-lierldecl 
massive limestone that fonns prominent cliffs and 
cue.stalike ridges in the Pershing district, at the sonth- 
eni tip of the Hnmlxddt range in the Buffalo ^fnuntnin 
tpiadningle. It is relatively thin — ranging from several 
tens to a few hundred feet in thickneas— and contains 
' fossils of middle Norian age. Nowhere farther north in 
I the range are strata this high in the Me.sozoic se<’tion 
I preserved. 

.Vt its ty|K- locality in the northern Eii.st Range, as 
, well os at its other ex|«>snres in the ranges immediately 
east of the Humboldt Range, the Dun Glen Formation 
is a homogeneous unit of massive dolomite or limestone 
that se]Mirates the Grass Valley and Winnemucca For- 
■ mations. It is thus a lithologically ilistinctive entity 
I within a thick section otherwise comiatsed mainly of 
fine-grainetl terrigenous clastic rocks. The stratigraiihic 
I relations of the Dun Glen in the Humboldt Range are 
the same, but the overlying laals erpiivalent to the Win- 
nemucca Formation are not assigned to a named 
fonnation. 

Within the Pershing ilistrict, the thickness of the 
, Dun Glen Formation is 100-1.50 feet at most places but 
i ranges fi-om as much as a few hundered feet to as little 
i ns .50 feet. In comparison, the fonnation is .500 fi0i1 feet 
I thick in the northern .'Stillwater Range. Toliin Range. 
I and northern East Range and is 1,1.50 feet thick at its 
norl hea.slerinnost exiH«sure in the .Sonoma Range (Mul 
ler and others, 1SI.51 ; Ferguson and others. 19.51 ). South- 
I we.stward thinning is thus indiratetl by the.sr' widely 
scattered <mtcro|)s. The Dun Glen Fonnation appar- 
ently also thins northward from its tyiw lo»-ality. as it 
isnltsent in the .Santa Rosa Range acconling to (’ompttai 
I ( 1900, p. Pis"). Because a |a-rsistent relatively pure car- 
I Iwmate unit like the Dun Glen is lacking. Compton 
I phiix-d the contact la'lween his Grass Valley and Win- 
neniucca Formations in the Santa Rosa Range at the 
lowed limit of the partly I'alcareous rocks assigned 
to his Winnemucca. This contact, however, would cor- 
ropnnd lithologically to a level within the Gra.ss Val 
ley Formation in sis-tions like those in the southern 
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Hiimlioldt Rnnjro iind in the northern Stillwnter Knnp- 
in which tile ii|)[K’r part of tlie Grass Valley is calcareous 
for an apprecialile stratigraphic distance lielow the Dun 
( rlen Konnation. AVhcre the Dun Glen is absent, there is, 
in fact, no means of recognizing formational bounda- 
ries that would pi-ecisely correspond genetically to those 
established ill the typical succession of these fonnations 
near M'innemucca, and in such areas these fonnational 
names prolmbly should not lie used. 

The Dun Glen Formation in the Pershing district 
crops out discontinuously along tliive generally parallel 
northwest -tremling lielts that delineate the major struc- 
tures of the district. Outcrops of the northeastern licit, 
which extends from Packard Flat .southeastward across 
South Kelief (’anyon for alamt miles where it is 
trunciated by the liclief fault, are in the overturned 
limb of a nuijor anticline overturned to the northeast. 
The southwestern outcrop licit parallels the nortliwest- 
ern e.xtension of Pershing Ridge — the ridge along which 
the Pershing mine is haated — hut toward the south- 
east is offset an echelon northea-stward and rei>eated 
.structurally. These Dun Glen exixisures are in the over- 
tiinied limb of a major anticline overturned to the 
siiuthwest. The central belt of Ihin Glen outcrops is 
areally the most extensive of the three. It includes the 
exposures that form .luniiier Ridge — the ridge on 
which the Juniiier mine is located— and the discontinu- 
ous Dun Glen outcrops farther southeast on the same 
trend. .Small-.scale contortions aliound within the Dun 
Glye of .luniper Ridge, but, as a whole, the formation 
in this central ladt is upright and on or near the axis of 
a major syncline on either side of which are major anti- 
cliiie.s that arc overturned away from it. 

To use the Dun Glen Formation ns an olijective litho- 
logii- unit, the authors have assigned to it here only 
the thickest stratigraphically uninterrupted and later- 
ally persistent predominantly earlionate unit along each 
of its outcrop Udts; stratigraphically higher and lower 
carlKHiate lieds hwally included within the adjacent 
[lelitic and sandy strata are excluded from it. Defined in 
this way, the thickiu’ssand com|Misition of the Dim Glen 
varies markedly from one outcrop licit to another and 
even to some extent along the same ladt. These varia- 
tions have no apparent geographic, trend and evidently 
result mainly fisim rapid intertoiiguing of the lur- 
iHMiale locks assigned to the 1 hm Glen and the enclosing 
|iartlycalcai'eousterrigi'nous clastic rcs'k.s. 

LITHOLOGIC DESCRIPTION 

Medium- to dark-gray massive linu'sloiie in well-de- 
lined medium to very thick la-ds characterizes the Dun 
tilcn Fonnalion, but dolomite, intraclaslic limeslone or 
dolomite braccia, sandy limestone, and calcareous sand- 



stone aiti locally well i-epresented. Although liedding 
within the formation is commonly conlortial and the 
carlxinate rocks are much fractured and veined with 
calcite, recrystallizntioii is generally not megascopically 
apparent. 

Most of the limestone is suiierlicially similar in a.s- 
]iect and is either entirely line graineil in apiiearance or 
fragmental with a fine-grained matrix. The matrix con- 
I si.sta of very finely crystalline (O.OO.'i-O.Ol mm) equi- 
' granular calcite that has lieen recrystallizisl from either 
a micrite or a calcilutitc. Sparrj' calcite cement is 
I unusual. Allochemical constituents vary widely in 
alnmdance, size, and kind. .Most common is shelly or- 
I ganic detritus, intracla.sts, or mixtures of the two. Other 
j samples that megascopically apiiear homogeneous prove 
to lie either ladletal or oolitic when viewed in thin sec- 
tion. .V few si-attered grains of delrital quartz, albite, 
and muscovite are usually presmit, and some of the lime- 
' stone is sufliciently impure to weather brownish gray. 
Isolated rhomlis and scattered patches of secondary do- 
lomite are also commonly seen in thin section, and in 
places significant portions of the Dun Glen lime.stone 
have been altered to finely crystalline dolomite that 
I temls to weather brownish gray or yellowish brown. 

Intrachustic liine.stone or dolomite sedimentary brec- 
' cia (the “limestone conglomerate" of Hailey and 
i Phoenix, 1SI44, p. Ifci-UlS, Ifi7-1B8) is a distinctive, 
though usually minor, part of the formation and inter- 
grades with the finer graimsl carlxinale r«x-ks. It is 
thickest in the vicinity of the .luniper and Red Hiixl 
quicksilver mines, where if forms most of the iip|ier 
' |Kirt of the fonnation and is the host rock for these, 
mercury deposit.s. Owing to structural complications 
most of the Dun Glen i-ropping out at the Re<l Hiixl 
mine is that part characterized by cnrlxmate breccia, 
and its thickness is duplicated by faulting. The dolo- 
' mitic parts of the carlxmate breccia have an irregidar 
distribution and are evidently the result of hx-al sec- 
■ ondary alteration of |ime.stone brei'cia. Character- 
I islically, the breis-ias consist of sand- to ix*b(ile-size 
I angular fragments that are rudely sTratified hy maxi- 
j mum grain size anil are so closely packed as to lx> nearly 
devoid of matrix (fig. l.'i.'l). In thin section, the intra- 
clast Iwnindaries apiiear as jrigmented iri-egular stylo- 
: lifelike scams along whi<'h <x-cur (x'casional sand-size 
; grains of ipiartz. This |ie<'idiar texture sugge.sts that the 
: clasts of calcareous mud were sulhi iently cohesive to lx; 
I trans|xirted and mixisl together ns angular fragments 
by currents strong enough to winnow' out any finer 
grained detritus and yet too plastic to maintain a 
porous rigid framework within which sparry calcite 
(smld Ix' de|H)sited. Intniclasts include: a variety of or- 
. ganic-detrital, |x‘lletal, and <K>lit ic dark -gray limestone; 
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impure arjrillareoiis limestone that weathers ]>ale 
onmpe pray or brownish pniy ; some eiiarse shelly detri- 
tus; and a few clasts of calcareous siltstone and sand- 
stone. Gray- and brown-weathcrinp interclasts ate about 
equally abundant and pive the breccia a distinctive mot- 
tled apijcanince. Some laminaterl brown- and pni)- 
weathcrinp sandy limestone is interlredded with the 
breccia, ami some brccica, particularly that locally pres- 
ent at the base of the formation, consists of poorly sorted 
limestone intrmdasts sparsely senttenxl in impure sandy 
limestone. 

fn peneral, the Dtiii Glen sections in the I’erehinp 
district that are comia>sed mainly of dense pniy bedded | 
limestone are the thinnest. The northeastern outcrop j 
belt, which crosses South Relief Canyon, is entirely 
l>edde<l pray limestone and only al>out 50 feet thick, 
thoupli it is paralleled in part by an erpial thickness of 
similar limestone in the upfaT part of the stratipraph- 
ically underlyinp Grass Valley Formation. The Dun 
Glen outcrop Iwlt that jiarallels Pershiiip Ridpe is 
mainly laalded pray limestone also, and its thickness 
varies from about 150 feet to several tens of feet — ap- 
parently it thins northwestwani by intertinperinp with 
calcareous sandstone. .\t the .southeast end of the out- 
crop licit that follows the trend of .luniiier Ridpe, near j 
the Hollywood mine, the fonnation is ltXl-150 feel thick ! 
and consists of bedded pray limestone with some discon- * 
tinuous inlerlietls of calcareous sniuLsIone. Northwest- 
ward alonp this outcrop Udt the thickness of strata 
included in the Dun Glen increases to at least a few bun- . 
dred feet near the .Iiiniiter mine, mainly by the addition 
of sedimentary breccias to the u|>ix'r part of the forma- 
tion. Thouph these breccias interprade with the lime- 
stone and are imseparable from them as a map unit, they 
miplit oripinally have been an interliedded suci-ession 
of lime.stone and line-praiiuKl terrigenous cla.stic rocks 
like that which immediately overlies ncarity sections of 
Dun Gleit lime.stone. Ity ditferenlial reaction to strong 
wave action or other currents, the limestone may have 
la-en concentrntcil as a coarse clastic deposit and the j 
originally inteifM>dded tine-praineel lerripenous sedi- ! 
ment been swept away. Thus, the anomalous thick- | 
ness of the Dun Glen section here might have resulted 
fniiii the local formation of limestone breccia in place 
or nearly so. 

FOSSILS AND AOE 

The lime.slones of the Dun Glen Formation ami the 
calcareous laals in the immediately underlyinp strata 
hx'ally contain an abundance of marine fos.sils. Few of ^ 
thes<‘ fos.silsare of much vahk' for precise ape delermina- | 
I ion, but many of t hem, such as liermatypic corals, coral- j 
line algae, and Ihick-shelletl oy.sterlike |>elecy]axls, are 
of con.siderably imjKrrtance as indicators of extremely 



shallow marine deposilional conditions, h'ortunately, a 
few diapnostic middle Norian ammonites have also 
Ijeen found that provide a linn Imsis for dating these 
rocks in the Humltoldt Range and, by lithologic corre- 
lation, for assigning an ape to the equivalent part of the 
section in nearby ranges. 

The most R)Ssiliferous Iwality, originally dis»'overed 
hy Prof. S. AV. Muller of Stanford I'niversity, is uJxnil 
half a mile south of the ,luiiii>er Mine (l*SGS Mesozoic 
hw. MOti) and along .strike, in the calcareous, argillace- 
ous, and sandy strata just IjcIow the Dun Glen Fonna- 
tion and almve a thick lense or longue of massive 
organic-detrital limestone in the Grass Valley Forma- 
tion. Included in the large and varied assemblage from 
this locality are the ammonites /mlojiivarltes cf. f. an- 
ffulafun (Diener) and -'Itrca/cA; the nautiloids Clydo- 
nautilm cf. (’. vorieuK Mojsisovics and Faranmitllux: 
^ Alrct ryonSa'' Limn, (Jaxtianelln, Minrlriffonini, Se//- 
toenrdial miculid, mytilid, megalodontid, and other pel- 
ecyiKKls; Pterloronchn afi/ui ptirata (Gabb), ffjmndy- 
loHpiral, and other brachio|xids; indetenninatc molds 
of large gastropials; echinoid and crinoid delrris; etdon- 
inl corals of several kinds; UtptaxtyVti and other sponpi- 
omorpli.s; and Nofcno/wro-like algae. F-xcept for the 
cephaloiaids, for which this jmrtirular locality is unique, 
this same assemblage, commonly with the addition of 
the pelecypods Pinna and '‘Trichite*" ami bha'ks of aii- 
ricarian wo<k1, occurs either in or just, below the Dun 
Glen Fonnation at a number of other places in the 
Pershing district and in the northern Stillwater Range 
and Tobin Range. PIrrtoroneha aequiplirata (Gabb) 
was originally desm'ilasl from the northeni Stillwater 
Range, presumably from these l>e<is to which it is 
restricted and in which it is common. 

Two other occiirrenctw of ammonites in the. Pershing 
district arc in the partly cah'areous up|>er Gnuss Valley 
Formation that forms the core of the faidted overturned 
anticline Ix'twwn Pershing and .hinipcr Ridges. Flat- 
tened impies.sions que.stionaldy identified as /ndojuna- 
I'iten cf. /. angulatun <x-cur at I’SGS Mesozoic, hx-ality 
M1IH8 in impure limestone a few hundred feet below 
the Dun Glen Fonnation in the overlunied limb of the 
anticline and at a slraliprapbic level cianparable to that 
of locality M!H>, where this sixteies occurs in the iip- 



t-'mear. 15. — t;arlmnale Rrccria and cenatomernte from 
Trtaiwic rta'ks of tlu- Pershtnc district In the suuthi-rit Iltuii- 
iKddt flanac. l*hotojrrni»ho <ml.v HltRhtly rwlm-ed fnan natural 
size. .t. Sawn anrfat-e of Ifuieatnne wdimentary bn-ccia firan 
the uiaa’r lutrt of llte Dun tJIcn Fonimthm on Jnni|»-r Riilio- 
alKiut a quarter of a mile noriheart of the Junljier mine. ft. 
IVeatheriHt aurfatv of dolomite ciaurlt>nierale fnan the lower 
INirt. of the hm-er unit of i«iat-IHin Olen strata on Pershlnc 
Kidae near the Pershinjt mine. 
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riglit, norlhenslerM limb. At an apiaireiitly lower stniti- 
grnpliic level closer to tlie antirrmal axis, at I’SOS 
Mesozoic locality .\ril91, are ninmoiiito impre.ssion.s 
with (listinctii'c oniameiitalioii like that of Plcroto- 
cenw crt«rin«;» Mcla'ani. j 

-V single sixs-imen oi Juvaritex magnux .\lclicani wa.s | 
collected from T’SfiS Mesozoic Mitfel within the Dun 
Glen Formation at the northwest end of Pershing 
Ridge; it wtia in association with large-sized megalodon- 
tid pelecyjxtfls. North of South Relief Canyon, at t'SGS 
>[esozoic locality M1187, a large specimeji of Meta- 
cfimilex was found, also w ithin limestones of the Dun ; 
Glen Formation. l 

Though limilecl in variety, the ammonites from the 
Dun Glen and the immetliately underlying part of the 
Grass Valley Formation can lie dated within fairly close j 
limits by comparison with the. Upper Triaisic faunal 
succession of the Pardonel Formation in the Peace j 
River Foothills of northea-stern Hritish ('olnmbia es- 
lablishe<l by the. late, F. II. .Mcla-ani (1!)(!0). Jtiraritex 
mngnux is the nominal index sin-cies for the zone, | 
among those zones erecte<l by Tozer (lOB.’ia) for Me- ■ 
la-arn's succession, that is regarrlcd as the lowest faunal 
subdivision of the middle Xorian in North America 
(Silwrling and Tozer, liMlK). In the Peace River Foot- 
hills, /’/cro/ocenM I'liurlniim also occurs in the,f. magmix 
Zone. Metarnrnhfx has Iksui found in place in north- 
eastern British Columbia only in the next higher Pr>'- 
pumtex mthcvfordi Zone, which repix-sents the middle 
part, of the middle Norian. /ntfojurarilix cf. /. angu- 
latiix was also rts-orded from the Paixlonet Fonnation I 
by Mel.«arn (ISHKI, p. 18, !)2), but from an unknown ! 
st rat igraphic level. 

In summary, on the basis of fo.ssil correlations, the 
Dun Glen Fonnation and the calcareous nx-ks that ' 
form the highest imrt of the underlying Grass Valley 
Formation in the Pershing district represent the lower 
part, and [HU'lmiis also the middle part, of the middle 
Xorian sulistage. 



POST-m X GLEN LOWER ME.SOZOIC STRATA IX THE 
PERSHING DLSTRICT 



The lower Mesozoic strata that succeed the Dun Glen 
Formation in the Pershing distrii't, at the southern lip 
of the Hiimlaildt Range, include a variety of |mrtly cal- 
carisiiis tine-grained lerrigenons cla.stic sislimentarv 
ro<-ks and some interliediled carlKinate nn ks. .Most of 
these aiT Rale Triassic in age, but some an’ Marly .Iuris- 
sic. These ns'ks are largely eonlined to the low riilges 
and hills in the southern and sonlhweslem parts of the 
Pershing district and to the adjacent isolated outcrops 
that protnide from iMuicath the veneer of lacustrine 
and alluvial deposits along the margins of Antelope 
Valley and the Carson Sink. 



I 



Except for the beds immediately overlying the Dun 
Glen Formation, the limited extent and discontinuity 
of exposures of these structurally complicated rocks 
preclude determination of their stratigrajihic succession 
in any detail. However, on the basi.s of lithologic differ- 
ences and paleontologic evidence, the younger of these 
rocks can generally be separated from the older; hence, 
their various outcrops are apportioned on the geologic 
map lietwcen a ‘"lower unit"’ and an “np|)er unit,’’ al- 
tliough the stratigraphic relation Ivetween these two 
informal units is uncertain. In sections Ifi and 17, T. 20 
X., R. .11 E., southwest of Pershing Ridge, isolated 
ex[X>sures of the two units pandlel one another con- 
coidantly for a strike distance of altout 1 mile; the two 
uiiit.s appear to l>e in normal depositional sequence. 
Xeverthele.ss, owing to their limited areal extent and 
incomplete exposures, little useful purpose would l>e 
served by e.sfablisliing formally named lithologic units 
here. They are lithologically similar, lairlly correlative, 
and probably genetically related to the AA’innemucen 
Formation (Muller and others, 1951) and the Ra.sp- 
lierry Fonnation (Ferguson and others, 1951) which 
were named for exjiosures in the Sonoma Range and 
the northern En.st Range resi>ectively. The.se fonna- 
tions, however, cannot lie readily recognized away from 
their typical outcrops liccanse, as defined, they are 
neither iini<|ue in lithologic I’omtHisition nor bracketed 
by distinctive stratigraphic Itonndaries. 

LOWER UNIT 

The lower unit of («>st-Dnn Glen strata in the Persh- 
ing district includes the lie<ls that dei>ositionally overlie 
the Dim Glen Formation. In most places ns much of the 
si’ction as is ex|M)se{l forms a fairly homogeneous unit : 
here, younger Ixuls, which are distinctive clsewlicre. 
have lieen crmled or faulted away. 

Smie of the lower unit overlies the Dim Glen Forma- 
tion along all three of its outcrop Iielts in the Pershing 
district. More than l,IK)tl feet of the lower unit is ex- 
]X)sed in the overturned section lictwccn the northea.stern 
Wit of Dun Glen and the Relief fault. Thesi> rocks are 
essentially like the highest part of the Grass Valley 
Fonnation, from which they are sepiiratiMl only by the 
relatively thin Dim Glen Fonnation. Tliey eonsist of 
highly frnctnml partly silty argillite that weathers 
yellowish brown, liglit hniwii, or pale red. and suh- 
ordiniile interWdded clean light -coloreil sandstone. 
From a dislaiu-e, the weiitheii>d slojies are grayish 
orange with si leaks of light gray |)rixliiced by the sand- 
stone niiils that an' unevenly distributed through the 
section. Simdstoiie fonns only several iieivent of the 
total thickness and rarely forms units more than a few 
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feet thick. Much of it is crossbcddod, and in places well- ' 
formed oscillation ripple marks are presen ed. , 

Alonjt their central Iwlt of exposures, the contorted ■ 
nml intricately faulted Dim <!len carlionate iwks are lo- I 
lally overlain by as much ns a few hundred feel of ■ 
rwl -weathering argillaceous rocks. The contact between | 
these rocks of the lower unit and the Dun Glen was | 
explored by the principal workings of the .Tunii>er and ■ 
Red Bin! (Antelope Springs) mines (Bailev and Phoe- 
nix, 1044, p. 162-167). ' I 

The most extensive exposurc.s of the lower unit of 
|)ost-Dun Glen rocks Imrder the southwestern licit of : 
Dun Glen outcrops on their southwest side. All of the 
lieds in these exposures are overturned, and they are : 
.separated by a concealed fault, trending northwanl 
through the east edge of secs. 10 and 1.5, T. 26 N., R. .54 
IV., from isolated ridge.s of the same strata in an upright ^ 
|K>sition at the sonthea.st end of the synclinal lielt that I 
follows .Tuniix'r Ridge. The lower unit of |)ost-Dun ■ 
Glen strata in the southeni and .soiithea-stcm Pershing 
district is fonneil mainly of fine-grained terrigenous j 
clastic ixK'ks that weather to light, mmlerately saturated, i 
yellow-reil hues; in contrast with the sections in the ■ 
northwestern part of the district, it includes a con- ‘ 
spicHous ridge-forming unit of dolomite conglomerate 
in its lower part. This liistinctive unit cai>s Pershing ' 
Ridge; and several shorter, subsidiaiy ridges that par- 
allel the southea.st end of Pershing Ridge owe their 
e.xistence to structural rejietition of the dolomite con- 
glomerate. A few hundred fi'et of red-weathering partly i 
silty argillaceous rocks .seiairates the northne.st-dipping 1 
strike ridges of dolomite conglomerate from those of the 
stiatigra|)hica!ly loner, massive carlionate rocks of the : 
I>un Glen Formation, so that where not complicated by \ 
strike faulting, these two carbonate units of differing ! 
character form a couplet with similar topographic i 
expression. 

Possibly the dolomite conglomerate on Pershing ! 
Ridge correlates with the sedimentary breccia of car- 1 
bonnte rocks that forms the upper part of the Dun Glen ^ 
Fonnation on .Tuni|ier Ridge and accounts for the anom- 1 
alously great thickne.s,s of the formation there, but : 
discontinuity of eximsures precludes tracing the two 
together. Tt is noteworthy, however, that the principal 
quicksilver dc|M)sits in the di.strict are restrictisl to these 
two rock tyjios, w-hich are at least a]iproximate lateral 
eipiivalents. 

The dolomite conglomerate of Pershing Ridge ranges 
in thickness from 10 to ahout KKl feet, the more south- 
ea.stei-ly ex|iosures Iwing the thicke.st. It is ma.s.sive ami 
homogeneous e.xcept for crude .stratitication resulting 
firim variation in the size of the clasts, which aie mostly 
less than 2 inches in iliamcter but rangi’ up to 16 inches 



in gi-eatest dimension. Most of the cla.sts are. subangnlar 
to subi-oimdwi dolomite, that displays a variety of dif- 
ferent textures and ranges in unwealhered color from 
dark gray to grayish orange. Other clasts include light- 
brown dolomitic siltstone and, more rarely, chert. Sort- 
ing is |sair, and the conglomerate clasts are closely 
packed; grayish-orange dolomitic. sandstone tills the 
interstices lietween them. \ representative slab is shown 
in figure 1.5/f. Throughout the e.xtent of its outcrops, 
the carbonate comixinents of this unit are wholly dolo- 
mitic, ,Vs the carlxuiatc rocks of the Dun Glen Forma- 
tion a short distance .stmtigraphically below the dolo- 
mite conglomerate are calcareous and the terrigenous 
clastic na-ks stratigraphically just alaive it are partly 
calcareous and include some inlerliedded limestone, dolo- 
mitization of the conglomerate was remarkably selective 
and hence perhaiis diagrnetic. This stratigraiihic selec- 
tivity of doloniitizalion might also relate to a relatively 
high iiermcability of tlie conglomerate with respret to 
secondary mineralizing fluids — a factor that may be of 
.significance in explaining the localization in this unit of 
the quicksilver deiaisits along Pershing Ridge. Other 
factors, however, such as the fracturing of the dolomite 
conglomerate unit due to its difference in i-ompeteticy 
from the enclosing pelitic rocks, have no doubt also in- 
fluenced mcreurj' mineralization. 

Keiir the Pershing mine, where exposures are lietter 
than in most plai'cs, the dolomite conglomerate is strati- 
graphically overlain by up to several feet of well-sorted 
grayish-orange limy sandstone that is in turn overlain 
by -several tens of feet of iioorly Ixsldwl brown -weather- 
ing dark-gray sandstone. The gniyish-orange ('‘buff- 
colored") unit, where present at the stratigraphic lia.se 
of this sandstone .seqiiem’e, fonned a useful marker lied 
in the underground mereury-mine workings and is re- 
IKirted to 1» interlaHlded with the stratigraphically 
upiier part of the dohauite conglomerate farther east 
along Pershing Ridge (Bailey and Phoenix, 1044, p. 
166). .Stratigraphically higher part-s of this overtunicd 
section, alaive the dark standstone, are mainly flaky, 
finely frartiired jielitic nx'ks (“shale”) ; a few- feet of 
impure limestone occui-s aliout 1.50 feet stratigraphi- 
cally alaive the dolomite conglomerate. 

About 2,(K)0 feet southwest of Pershing Ridge, the 
dolomite conglomerate unit is rejicntial by a steeply dip- 
ping, ap|Htrently normal fault, and it is intennittently 
exiwmed as a vertically dipping rib that slrike.s through 
the .*^K' ( .sec. S and the N'lV’ i .sei‘. 16, T. 26 N., R. 64 E. 
Bclwei'n thi'se outcnips of the dolomite conglomerate 
and the jinrallel ladt of .l/oiio/iA-laxiring calcareous 
strata as.signed to the iip|ier unit of jaist-Dun Glen rocks 
farther smithwest, the |a»irly exposed section of the 
lower unit is monotonously the same and consists of 
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orange- nnd light-brown-wentJiering partly silty argil- I 
Inceons rocks with minor amounts of intercalated brown 
sandstone. These beds are either vertical or steeply over- 
turned to the southwest, and. if unfaulted, this seciion | 
of the lower unit above the dolomite conglomerate unit 
is about '2,000 feet thick. 

For the most part, fossils are absent in the lower 
luiit of post-Dim Glen strata. At an isolated exp^ure 
several hundred feet south of the s«uthca.stern tip of 
Pershing Ridge (l*SGS Me.sozoic loc. M6fi3), however, i 
a large ammonite fauna was obtained from a few closely i 
associated loose blocks that were evidently derived from I 
a single highly fossiliferons bed. Included in this fauna | 
are: I 

Himavatites eolumbianun McLearn ! 

all. (Giiemliel) 

PlutlehUfg sp. [immature specimens only] 
“Smui/inffitefi sp.” of Mcl.earn (1060) 

PufudonirenUei jmrdoneti (Mcla'am) 

fleVctifen dfrorun Mcl>sini 

HeUctite» cf. //. mbgeniculatui Mojsi.sovics 

‘•/’amjuvari/ed' sp. [similar to “Pamjuvavitfs sp.’’ of ' 

Mcl.earn (1060)] I 

IK pUculileKci. E. terrfJt (Mcl>eani) 

Plucite^ .sp. 

Arrentfii sp. 

All these aminonites, except "■Pittmaritex" all. “ft.” 
PdiK are either oonspeeifie with or closely related to 
those dascrilied by Mrlx*ani (1960) from the l)eds in the 
Pence River Foothills of northeji.sten» Hritish Colum- 
bia. Tlie ammonites are typical of the //imai-atitex co- \ 
htmhiitmtx Zone of Tozer ( 106.1a), which is regardecl as 
late middle \orian in age (.Sillierling and Tozer, 1968). 

If this isolated fossil locality is projected into the 
overturned section of the lower unit of [>ost-1>un Glen 
rocks on the southwest side of Pershing Ridge, it fulls 
at a horizon within a few hnndnsl feet strut igraphically 
above the dolomite conglomerate unit. As a conclealed 
fault of significant displacement could easily exist l)e- 
tweeii this locality and the continuous exposures of the 
lower unit on Pershing Ridge, the .stratigraphic [>osi- 
lion of this critical ammonite fauna would lie only 
s|)eculntive were it not for a single well-piT.served s{)eci- 
men assignable to Pixtirhifex cf. P. mexanmthux Mojsi- I 
sovics found by Prof. ,S. W. .Muller on the southwest ! 
slo|ie of I’ersliing Ridge just we.st of the Pershing mine ' 
furnace (almiit l,4()i) ft north <if the .SK. cor. sec. S, T. i 
20 X., R. .'14 K.) at a .stratigraphic level alsmt :ii«» feel 
straligraphically alane the dolomite I'onglomerale unit. 
As far as is known, PixUrhitrx is restricted to the Hima- 
raiiten roluiiihlanux Zone in North .Vmerica, and siwies 
similar to that lepresented by Professor Muller's spec- 



imen were descril>ed by Mclx'urn (1960) from the //. 
cohtmhianvx Zone of Northeastern British Columbia. 

The lower part of the lower unit of [lost-Dun Gleii 
rw k.s can tlnis lie independently dated on the basis of 
faunal evidence ns late middle Xorian. .Vs these rocks 
are in stratigraphic succession with the I>iin Glen For- 
mation, which contains fos.sils of early middle Xorian 
age, the faunal evidence confirms the .stnictural inter- 
jiretation whereby the Grass Valley, Dun Glen, and 
post-Dun Glen rocks in the vicinity of Pershing Ridge 
are all i'rgarde<l as overturned. The upper age limit of 
the lower unit of |x)st-I)un Glen strata is re-strirted by 
the (H'currence of up|ier Xorian fos-sils in the overlying 
strata assigned to the upjier unit of post-Dun Glen 
rocks. 

■Vt least the lower part of the lower unit of |>ost-Dun 
Glen strata in the Humboldt Range is opiivalent to the 
VVinnemucca Formation in the nearliy ranges to the 
ea.st, where the Winnemucca overlies the Dun Glen For- 
mation but lacks a stratigraphically defined up|>er 
limit. Xo age-diagnostic, fossils have las'll found in the 
Winnemucca Fonnation and hence theliest evidence for 
its age is the iscurrenee of the upper middle Xorian 
Himavatitex Mlumljianux Zone at a strntigra|>hically 
analngnus position in the Pershing district section. The 
Karnian age .suggested for fos-sils from the so-called 
Winnemucca Formation of the Santa Rosa Range by 
Compton (1960, p. 1387) is almost certainly wrong, 
provided that the lithologic correlation of these beds 
with the ty|je Winnemucca Formation of the Sonoma 
Range is correct. 

UPPBR UNIT 

Exposures a.ssigned to the upiier unit of [>ost-Dun 
Glen .strata are restrictecl to an area of about 2 square 
miles in the southernmost part of the Pershing district, 
where they •K'cur mostly in scattered stnicturally dis- 
wirdant outcrops se|>arated from one another by Quater- 
nary dejxisil.s. Lithologically they are heterogeneous 
and include a variety of interbedded sedimentary 
rocks — calcareous siltstone and .sand.st.one, impure lime- 
stone, siltatone, and politic rocks — no one of which dom- 
inates more than a few hundred feet of section. Com- 
pared with the lower unit of post-Dun Glen strata, the 
upiier unit includes projiort ionally more sandy and cal- 
careous riH’ks. Politic rocks apjienr to lie .subordinate in 
the up|wr unit, though this ap|iearanre is probably due 
in ]«irt to their nonresistant, ]x)orly outcropping nature. 

The thickest apparently uninterrupted partial sec- 
tion of the upiier unit is in north-central sec. 17, T. '26 
X., R. 34 E. Here the up|ier unit ap|)enrs to rest con- 
formably on the lower unit of ixist-Ilim Glen strata: 
more than 1,000 feet of the upi>er unit is exposed and 
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dips moderately to steeply southwest in an upright posi- 
tion. In ascending order, the following units are 
represented : 

1. Brown- and yellow-brown-weathering sandstone, 
jMirtly calcareous, with lenticular interbeds of dense 
black, omnge-brown-weathering, silty limestone; esti- 
mated thickness a few hundred feet; Monoth suh- 
circuJarh Gabb locally abundant, as at USGS Meso- 
zoic locality M1667. 

2. Finely fractured argillite, olive-gray or brown, with 
interbeds of laminated siltstone; about .100 feet thick. 

3. Calcareous very thin hedded siltstone, with sub- 
ordinate silty limestone; about 200 feet thick. 

4. Massive gray partly dolomitic limestone; partly 
conglomeratic; stromotolitic at top; about 100 feet 
thick. 

5. Calcareous siltstone ; very thin bedded ; weatliers pale 
red, light brown, or medium gray ; exposed thickness 
a few hundred feet. 

Fossils are fairly common in the upper unit and are 
widely enough distributed to be useful in identifying 
isolated exposures ns belonging to this map unit. As the 
upi>er Norian pelecypod lUonoiiK mthcireularin Gabb is 
especially characteristic, the beds herein assigned to the 
upper unit of post-Dun Glen strata were informally 
designated the “beds containing MonotW' on the pre- 
liminary geologic map of the Buffalo Mountain quad- 
rangle (Wallace and others, 1959). In addition to its 
o<-currence at USGS Mesozoic locality M667, and along 
strike, M. xuhcircularU is found at and near I7SGS 
Mesozoic locality M658 and at other places not plotted 
on the geologic map. Isolated fossiliferous exposures in 
the SWi/i sec. 17, the N W (4 sec. 20, and the sec. 21, 
T. 26 N., R. 34 E., evidently repre.sent the lower parts of 
the upper unit of post-Dun Glen strata rejieated by- 
concealed faults. Some of these exposures consi.st of only 
a few square feet of outcrop surrounded by lacustrine 
deposits of Plei.stocene I>ake Lahontan and encnisted 
with calcareous tufa. Locally in the.se isolated exi>osures, 
such as at USGS Mesozoic locality M660, Monotin mib- 
rircularh is found associated with the ammonites Pla- 
C-//M, Rhabdorfrttn, and Randlingittt*. From this and 
nearby- isolated localitie.s. Prof. S. W. Muller, of Stan- 
ford University, collected, in addition to these forms, 
the aniinonites I’iruirormiM cf. /’. rtx Mojsi.sovics, Hag- 
rnilen cf. S. ifiebeli (Hauer), Mftaxlblriten, and .Ir- 
rfKteM, All these faunas are indicative of the up|)er Nor- 
inn RhabdoerroA zone of Sill)orling and Tozer 

(1968) and Tozer (1967). 

Isolated outcrops of lime.stone northwest along strike 
from the stromatolitic lime.stone unit in the section 
itemized above locally contain (as at USGS Mesozoic 
loc. M670), an abundance of |)elecypods closely simi- 



lar to Reeten lyaugbtoniu Mcljeam, which in south- 
western British Columbia is part of the upper Norian 
(jelecypod fauna of the Tyaughton Group (McLearn, 
1960, p. 37). 

In addition to these occurrences of upi>er Xorian fos- 
sils in the upper unit, l/ower .lurassic fossils occur 
about 1 mile .south of tl»e southeast end of Pershing 
Ridgeat two closely spaced but isolated localities, USGS 
Mesozoic localities M662 and M669. From the former, 
Pneudolropiies cf. P. uUratrinA»icuA (Canavari) and 
other ammonites whose closest resemblance is to Fran- 
a/cmw-like psiloceratinids were collected along with 
.stylophyllid solitary corals, gastropods, and a variety 
of indeterminate pelecypods from silty brownish-gray 
I>artly conglomeratic limestone. Tliese fossils occur as 
broken coarse-cla-stic debris and are associated with 
granules and pebbles of siltstone. The ammonites indi- 
cate an Early Jurassic age no younger than early 
Sinemurian. 

From the nearby locality M669, which is le,ss than 200 
feet northea-st from locality M662, //arpoccnu-like 
hildoceratid ammonites of Toarcian age were collected 
from thin-bedded impure limestone and calcareous silt- 
stone in another small isolatecl exposure. The explana- 
tion for the geographic proximity of these two faunas 
of widely different age within the Ixrwer Jurassic is 
not certainly known, and their relations are ol>s<-ured 
by the lack of exposure Ijelweeti the fos,sil localities. 
-Vs the l)eds in which they occur dip northcn.st, and they 
are thus apparently in their proper stratigniphic se- 
quence, a discotifomiity could separate the two. Alter- 
natively, the older fauna could have lieen reworked, or, 
more likely, a concealed fault may intervene U'twe«'n 
them. .V concealed fault is ])rolwbly also required north- 
east of loclaity M669 lietwecn it and the ncarljy ridge of 
northea-st-dipping ma.ssive limestone that resembles the 
stromotolitic unit in the more <-omplete sec-tion al)out 2 
miles farther we.st. 

Impure conglomenitic lime-stone re.sembling that at 
locality M662 and |>erha|>s also of Early Jurassic age, 
formsanot her small isolated outcrop abuit I mile smith- 
west of locality M662. 
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